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FOREWORD

SAFE OPERATING AREA (SOAR)

The Bendix SOAR principle is a method of specifying the Safe
Operating Area for a transistor in a given application. SOAR
defines the region which encloses all of the points represent-
ing simultaneous values of the collector current and the col-
lector—-to-emitter voltage which a transistor can safely handle
under specified conditions of base current, time, junction
temperature and average power dissipation, With transistors
specified under the Bendix SOAR technique, second breakdown

is virtually eliminated.

This report characterizes the Safe Operating Area of specific
power transistors, The use of these Safe Operating Areas by
designers will help avoid transistor second ;breakdown through

design and quality comnsiderations.

ii



1.0 INTRODUCTION

The purpose of this contract was to determine the true dYnamic
characteristics, Safe Operating Area (SOAR), of selected power

transistors used in critical space applications.

Testing to determine device parameters was made in accordance
with JEDEC "Suggested Standard 65" and similiar to MIL-STD-
750A., Reference to the aforementioned documents is made, wher:

applicable, in the specification section of this Final Report.

Copies of the JEDEC '"Suggested Standard 65" are available

from:

Electronic Industries Association
2001 Eye Street, N.W.
Washington, D.C. 20006

The MIL-STD-750A document may be obtained from:

Commanding Officer

Naval Publications & Forms Center
5801 Tabor Avenue

Philadelphia, Pennsylvania 19120



2,0 CONCLUSIONS

The specifications and SOAR curves generated as a result of

this €ontract verifies the actual power handling capability

for each type of tramsistor., This information will serve to:

1. Provide valid derating information to establish
necessary safety margins;

2. Provide guidelines for circuit analysis;

3. Provide documented Reliability Dataj

L, Provide a means to improve the overall quality

of devices now used by MSFC,

The individual reports contain a detailed analysis of Safe

Operating Area for devices not previously characterized

for SOAR.

Highlights from each device are summarized here

as a guide to design personnel.

2N1486

2N1724

2N1016D

Manufacturer A, Suggest change of spec.

(e = 3 °C/W) to extend DC power rating. 33W at

J-C
TC = 100°C provides safety margin for continuous
operation., High energy device ideal for switching
inductive loads.

Manufacturer B. Device can sustain the rated power
for all operating conditions,

Manufacturer C. Device is capable of handling the

manufacturers power rating.



2N1514

2N2102

2N2034A

2N2126

2N657A

2N697

2N2880

Manufacturer H, Marginal h at 6A. Review circuits,

FE
Manufacturers D & J. Composite SOAR curves indicate
that devices may vary from lot to lot by different
manufacturefs. ‘

Manufacturer E, Good energy dissipating capability.
Manufacturer C. ICEO should be part of specification
to insure forward biased condition at high Vg and
low collector current,

Manufacturer E. A small device, heats up quiékly
causing failure at lower than published parametgrs.

Manufacturers G & E. Composite SOAR curves indicates

a specification review of manufacturers E's device.

Manufacturer H. BSuggest continuous maximum DC rat-

ing be reduced from 5A to 3A. (IE = 5.5A discolors

leads, )

The following devices have recently been registered by Bendix

and are

not specifically covered by this Contract, however

the results and data are included without charge, as addi-

tional information for NASA personnel. The format used in

the presentation of this data was recently developed for

the registration of transistor specifications.



SOAR Characteristics:

T T

STG J
max min Veex YeBo Ycso  T¢ Pr

2N5559  +200 -65°C 200°C 100V 7V 150V  10A  100W

2N5560 +200 -65°C 200°C 120V 8V 175V  30A  150W

The information obtained by this contract provides invaluable
assistance to all concerned with the application, selection,
performance, and most important, reliability of semiconductor

devices in critical NASA systems.

The effect of SOAR evaluation is far-reaching, and should be
a mandatory requirement for all power semiconductors being

used by NASA in its Aeromnautical and Space programs,

The Bendix Semiconductor Division hereby proposes that NASA
continue this program with Bendix to further assist NASA in

achieving the highest levels of Reliability in their programs,
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Eiﬁﬁ Test Methods and Test Conditions

1.0.0 General Description
1.1.0 Type —-- NPN
1.2.0 Material --— Silicon
2,0,0 Mechanical Data
2.1.0 Outline —-~ TO-8
2,2.0 Terminal Designation
1l -~ Emitter
2 —-— Base
3 == Collector
case —— Collector
3.0.0 Maximum Ratings
3.1.0 Temperature
3.1.1 TS76 (max) +200°C JS—6-T1,2
Tora (min) = -65°¢C JS—-6-T1,1
3.1.2 T, = 200°C JS—6-T2
T, = 100°C, V., = 55V, P = 14.3W
3.2,0 Voltage
3.2,1 VCBO = 100V £§—6—T3 or MIL-STD-750, method 3001.1
3,2,2 Vipo = 12V JS—6-Th or MIL-STD-750A method 3026.1
3.2,3 Vepx = 100V JS=6-T5-2,1
I, = 3.0A, V.. = 100V, R = 33Q,
L = 1mH*, CR —- IN1204, V .. = 12V,
RBBl = lOQ,,VBBz = 3V, RBB2 = 10Q
Duty Cycle = 2%, t = 1.65 ms .,
*Miller No. 7871 in series with
Miller No. 7825-3
3.3.0 Current
3.3.1 I. = 3A JS-6-T6, Iy = 300mA, T, = 25°C



Item Test Methods and Test Conditions

3.3.2 JS-6-T8
4 (o]

TC = 25°C
3.3.3 IC = =3.5A JS—-6-T10

9]

Iy = 500mA, TC = 25°C
3.4.0 Power
3.4.1 Py = 14, 3w JS—-6-T12

(o]
TC = 100°C, Vep = 55V, IC = .26A

Derating Factor - .143 w/°c

3.4.2 PTM = I, vCC = 150W JS—6-T13
(6]
TC = 100 C, VCC = 50V, Vpg = 3V
RBB = 10Q, IC = 3A, Pulse Width = 5ms,

Duty Cycle = 5%, t. < 50ps,

tf _<_ 50us
3.5.0 Maximum Operating Condition
3.5.1 Forward Biased JS-6-T12 (See Figure 1)

Continuous DC-SOAR
Test Point (See 3.4.1)

3.5.2 Pulsed Forward
Biased SOAR JS—-6-T-14 (See Figure 2)

Test Points:

o
TC = 100°C, VBB = 3V, RBB

t. <X 50us, t. < 50us, I. = 34,

Duty Cycle < 1%, R

= 10Q,

g = 0. 1Q

1. For t = 50ms: V.. = 10V

20ms: V. = 25V

2, For t
p



Item Test Methods and Test Conditions

3.5.2 Pulsed Biased 3. For t = 1lOms, V.. = Lov
(Cont'd) Continuous p‘
DC SOAR L, For 'tp = 5ms, VCC = 50V
3.6.0 SOAR
Switching between
Saturation and
Cutoff
3.6.1 Resistive Load JS—-6-T5-2,1 with L = 0 and CR
disconnected. See (Figure 3)
Test Points:
Ryp, = 102, Ryy, = 100, Vg = 12V,
o
Vgpe = 3V, To = 100°C, t. < 50us
(Coll. Current); tr < 50ps (Coll,
Current), RS = O.lQ, IC = 3A,
VCC = 100V
3.6.2 Clamped Inductive JS~6—~T5.1 (See Figure 4)
Load
Test Points: (See 3.2.3)
3.6.3 Unclamped Inductive JS—-6-T5.1 and CR disconnected
Load

(See Figure 5)

Test Points:

1. Vggy = 12V, L = 20mH*
Rpp, = 102, R = k.10
Voo = 3V, Voo = 12.5V
Rpp, = 102, f = 10Hz
R, = 0.12, d = 15%. °

*Series Stancor C-2688



Item

3.7.0

4.1.0
4ho1.1
4.1.2
b,1.3
b,1.4
b,1.5
k.1.6
k.1.7
4,1.8

4.109

Shorted Class B SOAR

Electrical

Characteristics

Maximum Limits
unless other other-—
wise noted.

Technique:
DC = continuous
operation

C.T. = Curve Tracer
P

= 300ps Pulse,
2% Duty Cycle

Static

T.gy = 1OpA
Icpo = 1ovA
Icpo = 750mA
Igpo = 1ouA
Icgo = 20né
Vego = 55V min.
Vegy = 100V
hFE = 35 min,
hFE = 100 max.
Veersar] = + 7Y

Test Methods and Test Condition-

(See Figure 6)

Test Points:

Ic(peak) = 794y Voo = 55V, Rg = 0.12

Ropy = 10Q, Rgp, = 10Q, f = 20Hz,

T, = 100°%

Vegy = 100V, Voo = 1.5V, Technique = C.T,
VCB = 30V, Technique = C.T. .

Veg = 30V, T, = 150°C, Technique = C.T,
Vgp = 12V, technique = C.T.

VCEO = 50V, technique = C.T.

ICEO = 100mA, technique = C,T.

IC = 100mA, VEB = 1.5V, technique = C.T.
Veg = 4V, I, = 750mA, technique = C.T.
I, = 0.754, Iy = .04A, technique = C.T.



Item Test Methods and Test Conditions

k,1.10 Vep[sar] = 2+5Y Ic = 3A, iB = 300mA, technique = C.T.
4.o1.11 VBE[SAT} = 3.0V IC = 3A, IB = 300mA, technique = C.T.
4,1.12 Vegp = 2.5V I, = 750mA, VCE_; 4v, technique = C.T.
4,2,0 Dvnamic
o ) 3 ] 3 N v
4.2.1 fhfb = 1MHz min. IC = 5mA, VCE _‘28V
fhfb = 10 MHz max.
4,2,2 Copo = L75PF Vep = 40V, MIL-STD -750 method 3236
5.0.0 Thermal Characteristics
) . N B _ o
5.1.0 7“J = 40mS min, IC = 1A, VCE = 10V, TC = 25°C
MIL-STD -750 method 3146.1
o "0
5.2.0 QJ—C = 7,0 "C/W IC = 1A, VCE = 10V, TC = 25°C
MIiL-3TD -750 method 3136
= — ¢ o — — — —
5.3.0 QJ_A = lOQ: c/wW IC = .54, VCE = 3,5V, MIL-STD -750

method 3151

10.
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SILICON POWER TRANSISTOR

< Type 2N1724 >

hY

SAFE OPERATING AREA
DETERMINATION FOR PREVENTION
OF SECOND BREAKDOWN

—-— Manufacturer B --—

Performed for

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
GEORGE C. MARSHALL SPACE FLIGHT CENTER

HUNTSVILLE, ALABAMA

Contract Number NAS8-21155
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SEMICONDUCTOR DIVISION
HOLMDEL, NEW JERSEY
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Item Test Method and Test Conditions

1.0.0 General Description
1.1.0 Type —~-— NPN
1.2.0 Material —- Silicon
2,0.0 Mechanical Data
2.1.0 Outline —-- TO-61
2.2,0 Terminal Designation

1 -—— Emitter

2 —— Base

3 —— Collector

case —- Collector
2.2.1 Maximum Stud Torque —-- 30 in., 1lb.
3.0.0 Maximum Ratings
3.1.0 Temperature
3.1.1 TS76 (max) = +200°C JS-6-T1.1 (g?DEC Suggested Standard:

o es# Procgdures for '

TSP (min) = ~05 € J8-6-T1.2 ;zi;£22§§10ns of Maximum

3.1.2 Ty = +175%C JS-6-T2
T, = 100°C, V g = 10V, I, = 5A
3.1.3 T(Lead) = 230°C Distance from case = 74 in.
Time = 10s
3.2.0 Voltage T, = 25°¢
3.2,1 VCBO = 120V £§:§:I§ or MIL-STD-750A
Method 3001.1

3.2.2 Vepo = 1OV JS—6-Th or MIL-STD-750A

Method 3026,1

18,



Item Test Methods and Test Conditions

3.2.3  Vegy = 80V J8-6-T5-2.1
Ic Weg = Vepx) = 7-54
Voo = 80V, R = 10.3Q, L = lmH,
(Miller #7870), CR = 1N1204, V = 15V,

BBl
Rpp, = 52, Vg, = 5V, Ryp, = 102, |
Pulse width = 1Oms, Duty Cycle = 10%,
RS = 0,1Q

3.3.0 Current

3.3.1 I = 5A J5-6-T6

3.3.2 Igy = 7.5A J5-6-17

Pulse Amplitude = 5.3V, R source = 1Q
Pulse Width = 20ms, Duty Cycle = 20%

t. < 50ps, t. < 50us

f

3.3.3 Ig - oa JS—-6-T8

3.3.4 I. = 6A JS—-6-T10

3.4,0 Power
3.4,1 P.. = 50W JS—-6-T12

= 625mA

1l

cp = 80V, I

0.667W/°C

Derating factor

19.



Item

3.4,2

3.5.0

3‘9501

3.5.2

3.6,0

3.6.1

PTM = 600W

Maximum Operating
Conditions

Forward Biased

Continuous DC-SOAR

Pulsed Forward
Biased SOAR

SOAR
Switching between

Saturation and Cutoff

Resistive Load

. 3. For tp = Ims: V

Test Methods and Test Conditions

J5-6-T13
T . = 100°C, V.. = 80V, I. = 7.5A
c ' VYee ’ ¢ .
Vgg = 5V, Rgp = 102, Pulse Width = lms,

Duty Cycle = 2%, tr.i 50ns, tf £ 50ps

JS-6-T12 (See Figure 1)

——— i, i i e o

Test Point: (See 3.4.1)

JS-6-T1lL4 (See Figure 2)

Test Point:

&
I

o
100°C, Vpo = 5V, Ry

c = 7-5A, Ry = 0.1Q, t_ < 50us,

= 10Q,

-
Il

t. < 50ps, Duty Cycle < 5%

1. For tp =z 3ms: VCC = 55V
2, For tp = 2ms: VCC = 65V
= 80V

cC

JS-6~T5-2.1 with L = O and CR
___________ Disconnected (See Figure 3)

Test Points:

T, = 100°C, Duty Cycle = 10%,

Coll. Current, tr‘s 50us, te < 50us
= 50, R = o

RpB1 » “ppg = 109, Vgp; = 15V,

Vopg = 5V, Io = 7.5A, Vo = 120V,

R, = 15.6Q, Ry = 0.10

20,



Item

3.6.2

3.6.3

3.7.0

Clamped Inductive
Load

Unclamped Inductive
Load

Test Methods and Test Conditions

JS-6-T5~-2.1

(See Figure 4)

Test Point: (See 3.2.3)

g§:§—T5:§;} and CR disconnected
T (See Figure 5)

Test Point:

[1.] Rppy = BB2

Vgpy = 15V, Vgp, = 5V,

L = SmH, 0.0BQ

50, R = 10Q,

(Stancor #C-2689)

I, = 7.5A, V.. = 18V, R = 20,

cC

R, = 0.1, d < 10%, T

S
[2.]1 Ry

C

= 50, R 10Q,

BB2 ~
= SV, L = 20mH,

Bl

Vgpy = 8V, V

0.229 (two

BB2

I

2,54, V.. = 13.5V, R = 52,

O
= 25°C, t
5°¢C, p

10ms

in series Stancor #C-2688)

C CC
Rg = 0,10, T, = 25°C, d < 10%, t, = 10ms
Shorted Class B SOAR (See Figure 6)
Test Point:
I. peak = 1.884, V.. = 8ov, Ry = 0.1,
Rppy = 12, Rgp, = 10Q, f=20Hz,
Te = 100°C
Electrica} TC = 250Q (unless otherwise noted)
Characteristics
Maximum limits unless
otherwise noted
Technique:
DC - Continuous Operation
C.T. - Curve Tracer

P - 300ps Pulse,

2% Duty Cycle

21.
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4L,1.0
4,1.1
41,2
4b,1.3
b,1.4

b.1.5

b,1.6

b,1.7
4,1.8
4,1.9
4.,1.10
4.1.,11
b,1.12

4,1.13

4,1.14
4,1.15
b.2.0

b.2.1

Static
ICBO = 0,5mA
VEBF = 10V
ICES = l,OmA
ICES = ZaOmA
ICES = 10mA
ICEO = 10mA
IEBO = 10mA
VCEO ='80V min.
hFE = 20 min
hFE = 20 min, 90 max
hFE = 10 min
VCE(sat) = 1v
Ver(sat) = 2V
VBE(sat) = 2V
VBE (sat) = 2°°V
Dynamic
hfe = 2,0 min

= 10.0 max
Cobo = 550 pF max
Thermal
Characteristics
73 min = 1Oms

o)

QJC = 1.5 C/W

22,

Test Methods and Test Conditions

Technique - C.T.

VCB = 3V Technique -~ C.T.
Vep = 80V Technique -~ C.T.
Vep = 60V Technique - C.,T.
o .
T, = 1507°C, Vg = 60V Technique
o
T, = 150°C, V. = 120V
Technique - C.T.
o
T, = 25°C, V. = 80V

c.T.

C.T.

VEB = 10V Techuninue - C.T,
IC = 0.2A Technique - C,T.
VCE = 15V, IC = 0,1A Technique -~
VCE = 15V, IC = 2A Technique - P
VCE = 2V, IC = 5A Technique - P
IC = 24, IB = 0.2A, Technique - C.T.
IC = 7.5A, IB = 1.5A Technique -P
IC = 24, IB = C0.2A, Technique -
IC = 7.54, IB = 1.5A Technique - P
VCE = 15V, IC = 0:5A, £ = 5 MHz
VCB = 15V, f = 1MH=z

o
VCE = 10V, IC = 24, TC = 25°C,
MIL-STD-750, Method 3146.1

o
VCE = 10V, IC = 2A, TC%: 25 °C

MIL-STD-750, Method 3136
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SILICON POWER TRANSISTOR
< Type 2N1016D >

SAFE OPERATING AREA
DETERMINATION FOR PREVENTION
OF SECOND BREAKDOWN

—— Manufacturer C —-

Performed for

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
GEORGE C, MARSHALL SPACE FLIGHT CENTER
HUNTSVILLE, ALABAMA

Contract Number NAS8-21155

THE BENDIX CORPORATION
SEMICONDUCTOR DIVISION
HOLMDEL, NEW JERSEY
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3.0.0
3.1.0

3.1.1

3.1.3
3.2.0

3.2.1

General Description

Type

~— NPN

Material —-- Silicon

Mechanical Data

Outline —- TO0-82

Terminal Designation

 —

Case

Base

Emitter

Collector

—— Collector

Maximum Stud Torque —-

Minimum Stud Torque —-—

Maximum Ratings

Temperature

TSTG(maX)

TSTG(min)

TJ:

= +150°C

150°¢

T(Lead) = 230°C

Voltage

Veno

VEBO

VeEx

200V

= 25V

200V

1l

30.

Test Methods and Test Conditions

50 in 1bs.

4O in 1lbs.

JS-6-T1.1 (JEDEC Suggested Standard:

"Test Procedures for Veri- !
fications of Maximum Ratings')

JS-6-T1.2

- s s nan s S

C

100°c, V., = 100V, I

CB 0,71A

C=

Distance from case = 1/4 in., Time = 10s

JS-=6-T3 or MIL-STD-750A

Method 3001.1

JS—6-Th or MIL-STD-750A

Method 3026.1

"

(v

CE ~ VCEX) = 754, Voo =

= 200V

26,6Q, L = 1lmH*, CR -~ 1N1204.

*Miller No. 7871 in weries with
Miller No. 7825-3



Ttem

3.2.3

3.3.0
3.3.1

3.3.2

3.3'3

3.4.0

3.4,.1

3.4.2

3'500

3'501

3.5.2

continued ....000

Current

IC = 7.5A

IB = 5A

IE = 9,0A

Power

PT = 71.4W

PTM = IC VCC = 1125W

Maximum Operating
Conditions

Forward Biased

Continuous DC-SOAR

Pulsed Forward
Biased SOAR

31.

Test Methods and Test Conditions

<
It

spy = 12-5V, Rgp, = 3@, Vpo, = 3V,

RBBZ = 3R

Duty Cycle = 1%, tp = 1 msy RS'= 0.1Q

J5-6-T6
I 1.5A, T 25°¢
B ¢ 4 c -
JS-6-T8
o
TC = 25°C
J5-6-T10
T, = 1.5A, T. = 25°C
B = te2% ¢ T 22
JS-6-T12
o
T, = 100°C, V., = 200V, I. = 0.355A
Derating factor = 1.43 w/°C
J5=6-T13
o
T, = 100°C, V.. = 150V, V. = 3V
RBB = 38, IC = 7.5A, Pulse Width 1lms
Duty Cycle = 1%, t. < 50us, tf < 50us
of Collector Current
£§:§:Elg (See Figure 1)
Test Point: (See 3.4.1)
£§:§:Ilé (See Figure 2)
Test Points:
o
T, = 100°C, Vg, = 3V, Rpp = 32, Coll.

t § 50us, tf S 50us, IC = 7.5A

Duty Cycle < 1%, Ry = 0.1Q

Cu



Item
3.5.2 Continued ......
3.6.0 SOAR
Switching between
Saturation and Cutoff
3.6.1 Resistive Load
3.6.2 Clamped Inductive
Load
3.6.3 Unclamped Inductive
Load

32,

Test Methods and Test Conditions

l. For tp = 20ms: VCC = 90V
2, For tp = 10ms: VCC = 110V
3. For tp = 5ms: VCC = 125V
4, For tp = 1lms: VCC = 150V

JS—6—I§;l with L = 0 and CR disconnected
----- (See Figure 3)

Test Points:

R = 3Q, Ry, = 32, Vg, = 12.5V

Vg, = 3V, T 100°C, t_. < 50us Coll.

c = £
Current, t < 50us Coll. Current,
r—_

RS = 0.1Q, IC = 7.54A, VCC = 200V

JS5~6-T5.1 (See Figure 4)

—— — i oy o it s o

Test Points: (See 3.2.3)

£§:§:I5:2°1 and CR disconnected
TTTTT (See Figure 5)

Test Points:

1. VBBl = 12,5V L = 1.4mH*
RBBl = 3Q Ry = 3Q
VBB2 = 3V Voo = 25V
Rpp = 39 f = 60Hz
Rg = 0.1Q d = 10%

2, VBBl = 3.0V L = 10mH**
RBBl = 108 ~RL = 7.59
VBB2 = 1.5V Voo = 25.0V
Rgp = 300 f = 60Hz
Rg = 0.1Q d = 30%

*Miller #7871 in series with Miller
#7825-3 **Series Stancor C-2688



Item Test Methods and Test Conditions

3.7.0 Shorted Class B (See Figure 6)
SOAR

Test Points:

IC peak = 1.1A, VCC = 200V, RS = 0,1Q
RBB = 58, RBB = 10Q, f = 20Hz,
1 ° 2
TC = 100 C
4,0,0 Electrical TC = 25°C (unless otherwise noted)
Characteristics
Maximum limits unless
otherwise noted
Technique:
DC - Continuous
Operation
C.T. - Curve
Tracer
P - 300us Pluse,
2% Duty Cycle
4,1.0 Static
b,1.1 I.px = 20mA Vepx = 200V, Voo = -1.5V,
Technique - C.T., T, = 150°C
Icpg = 100pA Vg = 240V
Technique -~ C.T.
L,1.2 Igo = 10mA Vego = 200V, Technique - C.T.
4,1.3 IEBO = 20mA VEBO = 25V, Technique - C.T.
o
TC = 150°C
b,1.4 Vego = 200V min JS-6-T5-2.1 and CR disconnected
IC = 1A, RBBl = 3Q, VBBl = 3V,
RBB2 = oQ, d = 50%, £ = 60Hz
L = 10mH, RL = 0.1Q, RS = 0,1Q
Adjust V for specified I

cC c’



Item

b,1.5

4.1.6
4,2.0

4,2,1

h

FE 10 min

hFE = 7.5 min

VeE(sat) = 2-9V

Dynamic

£ = 10KHz min,
hfe LOKHz max

Thermal
Characteristics

J min 70ms

O
QJC = 0,7 C/W

Test Methods and Test Conditions

Vegp = by, I, = 5A, Technique - C.T.
— — g Al 2 —
VCE = 4v, IC = 7.5A Technique c.T,
IC = 5A, IB = .75A, Technique - C.,T,.
T, = 1A, Vi = 5V
o
I, = 2A, V., = 10V, T, = 25°C

MIL~STD-750 Method 3146.1

Io = 24, V., = 10V, T,

MIL-STD-750 Iethod 3136

= 259%

34,
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Silicon Power Transistor
< Type 2N1514 >
SAFE OPERATING AREA

DETERMINATION FOR PREVENTION
OF SECOND BREAKDOWN

~-=— Manufacturer H —-

Performed for

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
GEORGE C. MARSHALIL SPACE FLIGHT CENTER
HUNTSVILLE, ALABAMA

Contract No. NAS8-21155

THE BENDIX CORPORATION
SEMICONDUCTOR DIVISION
HOLMDEL, NEW JERSEY
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Item

1.0.0

3.2.0

3.2.1

General Description

Type NPN

Material -~ Silicon

Mechanical Data

OQutline —— TO0O-36

Terminal Designation

1l —— Base

2 —— Emitter

3 ~~ Colltector
case —- Collector

Maximum Ratings

Temperature
T = +200°C
STG(max) = *
o

Tsra(min) = —65°C

o
TJ(maX) 200°C

o
T(Lead) = 230°C
Voltage
VCBO = 100V

Test Methods and Test Conditions

JS-6-T1.1 (JEDEC suggested Standard:

"Test Procedures for
Verification of Maximum
Ratings.")

JS5-6-T1.2
JS—-6-T2
o
TC = 100°C
Ve = 10V, I, = L, 3A
Distance from case -~ 0.25 in

Time -~ 10s

o
TC = 25°C

JS-6-T3 or MIL-STD-750A

Method 3001.1

4o,



Item

302.2

3.2.3

3.3.0
3'3¢l

3.3.2

3.3.3

3.4.0
3.4.1

<
I

EBO 10v

CEX = 70V

Current

1 6A

C

8A

=~
1l

Test Methods and Test Conditions

JS—-6-T4 or MIL-STD-750A
Method 3026.1

JS-6~T5,1

IC (VCE - VCEX) = 6A

100V, R, = 16.0Q

cc ~ L

= 1lmH¥, CR - 1N1204

Vv

L

Vgpy = 75V, Rgpy = 10
Vops 8V, Rggy = 59

RS = 0.1Q

tp = lms, Duty Cycle < 1%

*Miller No. 7871 in series with
Miller No. 7825-3

JS—-6-T6
I_ = 2A, T. = 25°
B " v e T
JS—6-T8
[o]
T, = 25°C
JS—6-T10
I. = 2A, T. = 25°C
B = v ¢ T
JS—6-T12
0
T, = 100°C
Veg = 10V, I, = 4.3A

Derating factor - 0.43W/°C

k3.



Item

3.4,2

3.5.0

3.5.1

3.5.2

3.6.0

306.1

PTM = IC VCC = 330W

Maximum Operating
Conditions

Forward Biased

Continuous DC-SOAR

Pulsed Forward
Biased SOAR

SOAR
Switching between
Saturation and

Cutoff

Resistive Load

Test Methods and Test Conditions

JS~6-T13
le)
T, = 100°C
Vee = 55V, I, = 6A
VBB = 8V, RBB = 5Q

Input_Pulse Characterisites
Duty Cycle < 1%

t. < 50ps, te < 50ps Coll., Current

JS-6-T12 (See Figure 1)
Test Point: (See 3.4.1)
JS—6-T1h4 (See Figure 2)

Test Points:

o]
T, = 100°C, Vo, = 8V; Ry, = 50

tr S 50us, tf ﬁ 50ps, IC = 6A

Duty Cycle < 1%, Rg = 0.1Q

l. Forxr tp = 20ms; VCC = 30V

10ms ; VCC = 55V

2, For t
P

JS5-6-T5-2,1 with L = 0 and CR
disconnected (See Figure 3)

Lb,



ITtem

Test Methods and Test Conditions

3.6.1 Resistive Load (Cont'd)
Test Point:
IC = 6A, VCC = 100V, RBBl = 1Q,
Ryps = 59, Rg = 0.10, Voo, = 7.5V,
Vgps = 8V, T, = 100°C, (Coll. Current)
t_ < 50us, t, < 50us

3.6.2 Clamped Inductive JS—6-T5-2,1 (See Figure 4)

Load

Test Point: (See 3.2.3)

3.6.3 Uclamped Inductive JS—=6-T5-2.1 and CR disconnected

Load (See Figure 5)
Test Points:
Ry, = 19, Rgp, = 59, Rg = 0.1Q,
o

Vg, = 75V, Vggo = 8V, T. = 25°C,
f = 60Hz, d = 10%
1. IC = 6A, VCC = 18V, RL = 2Q,L=lOmH*
2. I, = 2.5A, V.. = 28V, R = 10Q,L=4Om
*Stancor — C-2688
**Series Stancor-C-2688

3.,7.0 Shorted Class B (See Figure 6)

SOAR

Test Point:

IC peak = 2.6A, VCC = 55V, RS = O,ng
RBBl = lQ, RBB2 = BQ, f = 20Hz,

o]
TC = 100 C

b5.



ITtem Test Methods and Test Conditions

4. 0,0 Electrical TC = 2500 [unless otherwise noted]
Characteristics
Maximum limits unless
otherwise noted
Technique:
DC -~ Continuous
Operation
C.T, - Curve Tracer
P - 300ups Pulse,
2% Duty Cycle
4,1.0 Static
41,1 ICEO = 100mA VCE = 55V
Technique - C.T,
o
4.1,2 ICBO = 2mA VCB = 30V, TC = 200°C
Technique - C.T.
o
4,1.3 VEBF = 1.5V VCB = 30V, TC = 200°C
Technique - C.T,
4.,1.4 IEBO = 25uA VEB = 10V, Technique - C.T.
4.1.5 V(BR)CEO = 55 minV I, = 100mA
Technigque - C.T.
4.1,6 hFE = 25 min VCE = liV, IC = l.SA
T = 75 max Technigue - C.,T.
4,1,7 hFE = 7 min VCE = 8V, IC = 6A (
Technique -~ P
4,1.8 VeE(sat) = 6 max V I. = 6A, I = 2A
Technique -~ C.T,.
4,1.9 VBE = 7.8 max V IC = 6A, VCE = 8V~

Technique -~ P

46,



ITtem Test Methods and Test Conditions

5.0,0 Thermal
Characteristics
[e]
5.1.0 J min = OmS I, = 2A, V., = 10V, TC = 25°C
MIL-STD~750 Method 3146.1
0] o
5.2,0 OJC max = 2¢33 c/W I. = 24, Vep = 10V, T, = 25°C
MIL-STD-750 Method 3136
6.0.0 f e = 1OKHz(min) I, = 100mA, V.. = 6C

40OKHzZ (max ) MIL-STD-750 Method

b7.
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SILICON POWER TRANSISTOR
< Type 2N2102 >
SAFE OPERATING AREA

DETERMINATION FOR PREVENTION
OF SECOND BREAKDOWN

~— Manufacturers D & J —--—

Performed for
NATIONAL .AERONAUTICS AND SPACE ADMINISTRATION

GEORGE C. MARSHALL SPACE FLIGHT CENTER
HUNTSVILLE, ALABAMA

Contract Number NAS8-21155

THE BENDIX CORPORATION
SEMICONDUCTOR DIVISION
HOLMDEL, NEW JERSEY
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BeOaO
3.1.0

3.1.1

3.1.3

3&200
3.2.1

3:.2.2

Qeneral Description

Type - NPN

Material - Silicon

Mechanical Data

Outline - TO0-5
Terminal Designation
1 - Base

2 - Emitter

3 - Collector

Case - Collector

Maximum Ratings

Temperature
O
TSTG(min) = =657C
(6]
Ter(max) = +200°C
[e]
T (max) 200°¢
T(Lead) = 300°C
Voltage
Vi(sr)cBo = 120V
v(BR)EBo =7V

Test Methods and Test Conditions

JS-6-T1.1 [JEDEC Suggested Standard:

_________ "Test Procedure for
Verification of Maximum
Ratings'" JEDEC Publication
No., 65]

JS~6-T2

e iy gty St .

o
T, = 100°C, P, = 2.86W, I. = 55mA
Distance from case 1/16" + 1/32"

Time = 10 sec {(max)
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Item Test Methods and Test Conditions

3.2.3 V(BR)CEO = 65V g§:§:I§;£ CR Disconnected
IC = 0.1A, RBBl = 25Q, VBBl = 5V,
Ropo = @@, d = 50%, f = 60Hz,
L* = 5,0mH, RL = 0, RS = 1,08
Adjust VCC for specified IC
*Chicago Standard Transformer Corp.
C-2689
3.3.0 Current
3; VSlJ IC = ].O."’\ £§:§:I—6-
o
IB = 0.3A, TC = 25°C
3.3,2 I, = 0. 3A JS-6-T8
o
TC = 25 °C
3.3.3  Ip = 1.3A J5-6-T10
o
IB = 0.3A, TC = 25 C
3,.4,.0 Power
3.4.1 Pp = 2,804 JS-6-T12
Test Point: See 3,1.2
3.4.2 Pry = Ic Vee = 8ow J5-6-T13
o
TC = 257°C, VCC = 80, VBB = 5V,
RBB = 25, IC = 1.0A, Pulse Width=100ps
Duty Cycle < 2%, t. < 5us
tf S_ 5us
3.5.0 Maximum Operating
Conditions

56.



Ttem

30501

3.5.2

3.6.2

Forward Biased
Continuous DC-SOAR

Pulsed TForward
Biased S0AR

SOAR .
Switching between

Test Methods and Test Conditions

JS—6-T12

Test Points: See 3.1.2

JS—6-T1lh

Test Points:

o
— V — V - 9
TC = 100 C, BB = 5 9 RBB = ._.OQ,

tr S_Bps, tp S S5us, I

Duty Cycle < 2%, RS =

1. tp = lms: VCC = 35V

500ps: V

S
o+
]
i
=
V1
L

CcC

100ps: V.. = 8ov

W
-
I

Saturation and cutoff

Resistive Load

Clamped Inductive
Load

£§:§:I§”l with L = 0 and
7 CR disconnected

Test Points:

Ropy = 209, Rpn, = 100Q, V... = 8.0V,
Vogo = 5V, T, = 10000, t, < Sus,

t. < 5us, Rg = 1.0Q, R = 78Q,

Vee = 80V, d = 10%

JS—6-T5.1

Test Point:

Tc = 1-08, Vep BB1

Rpp, = 100Q, Voo, = 8V, Vi,

RL = 8Q, L* = 1,0mH, *J.W.Miller:

= 80V, R = 20Q,

= 5V,

7871 in weries with 7825-3
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ITtem

3.6.3

Test Methods and Test Conditions

Unclamped JS-6-T5.1 and CR disconnected
Inductive Load — ~ 77
Test Points:

1. Vgg, = 8.0V L* = 1.0mH
Ry = 200 R = 66.66Q
Vapa = 5.0V V.. = 10V
Ruyo = 1000 f = 60Hz
Re = 1.0Q d = 10%

*J,W., Miller: 7871 in series with 7825-3

2. Vggy = 8.0V L* = 50pH
Rppy = 200 R, = 7%
Vope = 5V Vee = 10V
Rop, = 1009 f = 60Hz
R, = 1.0 d = 10%

*J,W, Miller: 7825-8

Shorted Class B (See Figure 6)
SOAR
Test Points:

IC peak = 0,224, VCC = 32.5V,
Rs = 1.0Q, RBBl = 20Q, RBBZ = 100Q
f = 20Hz, T, = 100°C
gizizzigiistics T, = 25°C (unless otherwise noted)
Maximum limits unless
otherwise noted
Technique:
DC -~ Continuous Operation
C.T. - Curve Tracer

P - 300ps Pulse, 2% Duty Cycle
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ITtem

4,1,0
h,oi1,1

b,1.2

b,1.3
b1,k
4,1.5

4,1.6
b,1.7
4.1.8
b,1.9
b,1.10
b,1.11
4,1.12

4,1,13

b,1.14
4,1,15
4,1.16
b,1,17
4.1.18
4,1,19
k,2.0

4b,2,1

Test Methods and Test Conditions

Static
ICBO = 2,0nA VCB = 60V, Technique MIL-STD-3036-10
Icgo = 2-0pA Veg = 60V, T, = 150°C, Technique
MIL-STD-3036-D
IEBO = 2,0nA VBE = ~5V, Technique MIL-STD-3061-D
V. gr)cgo = 65V min J85-6-T5.1 (See 3.2.3)
V(BR)CER = 80V min JS-6-T5.1 (See 3.2.3 except
Rppp = 102, Vggy = 0)
V(BR)CBO = 120V min IC = ImA Technique C.T,
V(BR)EBO = 7V min IE = 1mA Technique C.T.
hFE = 10 min IC = 1A, VCE = 10V, Technique -~ P
hFE = 25 min IC = 0,54, VCE-= 10V Technique P
heo = 40 min 120 max I, = 150mA, V., = 10V Technique P
hFE = 10 min IC = 10mA, VCE = 10V Technique C.T,.
hFE = 20 min IC = 0.1mA, VCE = 10V Technique C.T.
hpp = 35 max I, = lOmA, V., = 10V, T, = 55°¢
Technique C.T.
VCE(S) = 2.0V max IC = 1,04, IB = 0.,2A Technique C.T,.
VCE(S) = 0,5V max IC = 150mA, IB = 15mA Technique C.T,
VBE(S) = 2,5V max IC = 1,04, IB = 0.2A Technique C.T,
VBE(S) = 1,1V max IC = 150mA, IB = 15mA Technique C.T,
ICEO = 1.0pA max CEO = 55V Technique D.C.
VBEF = 1.5V max VCB = 120V Technique C,.T.
Dynamic
td + tr tf = 30ns Circuit specified with registered spec.
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Item

b,2.2
b,2,3
b,2.4
4,2.5

£.2.6
b,2,7
4,2,8
4,2,9

4,2.,10

4,2,11
4.,2,12

4,2,13

5.1.0
5.2.0

5.2.1

Methods and Test Conditions

hfe = 30 min, 100 max
hfe = 35 min, 150 max
hfe = 3 min, 10 max
NF = 6db
Cobo = 15pf
Cibo = 8OpF
hob = 0,1 pymhos min
hOb = 0.1 pmhos min
1.0 pmhos max

hib = 240 min, 34Q max
h.y = 4Q min, 8Q max

-4
hrb = 3 x 10

-4
hrb=3XlO
Thermal
Characteristics
Tﬁ = 75ms min

o)
OJC = 35°C/W max
o

QJA = 175 C/W max

60

Test

I, = 1.0mA, Vo
I, = 5.0mA, V.o
I, = 50mA, Vo

Io = 0.3mA, VCE
R = 1KQ circuit
VCB = 10V

VBE = 0.5V

I. = 1.0mA, Vo
IC = 5.0mA, VCE
I, = 1.0mA, Vg
I, = 5.0mA, V.o
I. = 1.0mA, Vg
I, = 5.0mA, Vg

=

5V, £ = 1.0KHz

10V, £ = 1.0KHz

10V, f = 20MHz
= 10V, f = 1KHz

bandwidth 1Hz

5V, £ = 1KHz

10V, f = 1KHz

5V, £ = 1KHz

il

10V, f = 1KHz
5.0V, £ = 1KHz

10V, f = 1KHz
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SILICON POWER TRANSISTOR
< S2N2034A >
SAFE OPERATING AREA

DETERMINATION FOR PREVENTION
OF SECOND BREAKDOWN

—— Manufacturer H —-—-

Performed for
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

GEORGE C. MARSHALL SPACE FLIGHT CENTER
HUNTSVILLE, ALABAMA

Contract Number NAS8-21155

THE BENDIX CORPORATION
SEMICONDUCTOR DIVISION
HOLMDEL, NEW JERSEY
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Ttem Test Methods and Test Conditions

1.0.0 General Description
1.1.0 Type - NPN

1.2.0 Material - Silicon
2.0.0 Mechanical Data
2.1.0 Outline « TO5

2.2.0 Terminal Designation

1, -~ Emitter

2, —-— Base

3., —— Collector
case —-— Collector
3.0.0 Maximum Ratings
3.1.0 Temperature
30101 Torgmax) = +200°C  JS-6-T1.2 [JEDEC Publication No.65
o - TTT "Test Procedures for
TSTG(min) = =65 °C §§:§:Illl Ver}flcaflon of Maximum
Ratings."]
o
o
TC = 100°C
Veg = 60V, T. = 83mA
3.1.3 T (Lead) = 230°C Distance from case - 1/16 in.
Time = 3.0s
3.2.0 Voltage T, = 25°¢
3.2.1 Vg, = 80V JS=6-T3 or MIL-STD-750A

Method 3001.1
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Item Test Method and Test Conditions

]

3.2.2 Vego = 10V JS=6-T4 or MIL-STD-750A
Method 3026.1

3.2.3 VCEX = 60V £§Z§ZI§;1

= 1.0mH*, CR = 1N1202

BB1 BB1

1.5V, Ryp, = 50

Pulse width = 1,0ms, Duty Cycle = 2%

v
L
' = 6V, R = 5Q
v

BB2 ~

Ry = 0.1, t_ < 50us

tf S 50 us

*Miller # 7871 in series with 7825-3

3,.3.0 Current
3.3.1 I = 34 J5-6-T6
o
IB = O.6A, TC = ﬁ 25°C
3.3.2 Ip = 14 J5-6-18
o
TC = < 25°C
3.4.0 Power
3.4.1 Py o= 5W JS=6-T12
o
TC = 5 100°C
Veg = 60V, I. = 83mA
Derating Factor =
0.05 W/ C
3.4.2 Pry = Ic Voo = 180W  J5-6-T13
o
TC = 100°C, VCC = 60V, VBB = 1.5V,
Rpp = 52
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Item

3.4,2

305@0

3.5.1

3»5«.2

3.6.0

3,6.1

(Cont'd)

Maximum Operating
Conditions

Forward Biased
Continuous DC-~S0AR

Pulsed Forward
Biased SOAR

SOAR

Switching between
Saturation and
Cutoff

Resistive Load

Test Methods and Test Conditions

Pulse width = lms, Duty Cycle =

< 1%, t_ < 50ps, t. = < 50us

JS—6-T12 [See Figure 1]

Test Point: [See 3.4.1]

JS—-6-T1h [See Figure 2]

— e s . i o, e

Test Points:

T, < 100%C, V. = 1.5V, Ry, = 59
tr < 50ps, tf.ﬁ 50us, IC = 3A
Duty Cycle < 1%, RS = 0,1Q

1. For t = 7.5ms; Ve = 20V

2. For tp = 5,0ms; VCC = 30V

3. For tp = 2,5ms; VCC = 50V

Lk, For tp = lms; V.. = 60V

JS~-6-T5~5,1 with L=0 and CR

s " s st i iy S Wi o Ak et

disconnected [See Figure 3]

Test Points:

I, = 3A, VCC = 90V, Ruyp = 59
Rppo 5Q, VBBl 6V, VaBa 1.5V
TC = lOOOC; tf < 50ns, Collector Current

70,



Item Test Methods and Test Conditions

3.6.1 (Cont'd) t . £ 50us Collector Current
RS =, 1R
3.6.2 Clamped Inductive JS-6-T5-5,1 [See Figure 4]
Locd  TTTTTTTTTTT

Test Points:

c
L = lmH*, R

I, = 3A, V.. = 60V, R = 19.6Q

Bp1 = °%» Rgpy =%

VBBl = 6V, Vgpa

o
CR = 1N1202, T, = 25°C, t_ < 50us,

= 1.5V, tp = lms

i

tf 5 50us

Duty Cycle = 2%, R, = 0.1Q

S
*Miller # 7871 in series with 7825-3
3.6.3 Unclamped JS=6-T5-5.1 with CR disconnected
Inductive Load 77T

[See Figure 5]

Test Points:

Ropy = 592, Rgp, = 59, Ry = .10

Vogy = 6V Vggo = 1.5V, f = 20Hz

T, = 25°C, d = 10%

1. I, = 34, V., = 50V, R = 16.23Q
L = 15mH*

2. I, = 0.9A, V.. = 35V, R = 38.5Q
L = 60mH**

*Series Stancor C-2688 & C«2689
**Series 2 Stancor C-2686 & €-2688

3.7.0 Shorted Class B [See Figure 6]
SOAR i
Test Point:

Ic(peak) = 90-2985 Ve

Rgp; = 18, Rgpo = 3@, £ = 20Hz

o
TC < _1lo0°C

= 60V, R 1R

S=
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&tem

4.0.0

b,1.0

h.1.1

4,14

bo1.5

b,1.6

Electrical

Characteristic

Maximum limits
unless otherwise
noted.

Technique:

DC ~ Continuous
Operation

C. T, - Curve Tracer

P —~ 300ps Pulse
2% Duty Cycle

Static

Lepx = 790wA

1l

ICEX = 150pA
ICBO = 150pA
IEBO = 50pA
V[BRWCEO = 60V min
ICEO = 100pA
hFE = 20 min
hFE = 60 max
hFE = 20 min

72,

Test Methods and Test Conditions

TC = 250C [unless otherwise noted]
o

VCE = 80v, VBE = -1.5V, TC = 150°C
Technique - C.T.

= a0V, V = -1,
VCE 8ov, ‘BE 1.5V
Technigue -~ C.T,

= v
VCB 80
Technique - C.T,

I
VEB = 10V
Technique - C.T.
IC = 50mA
Technigue -~ C.T.
Vep = Lsv
Technique - C.T.
VCE = LfV, :{C = 1A
Technique -~ C.T,

o

Vep = 4V, Io = 1A, T, = =55°C
Technique - C.T,



Item

4.1.9

4,1.10

4,1.11

h,1,12

b.o2,h4
h.,2.5

VCE[sat] = 0.3V
VBE = 1,2V
VCE[sat] v
VBE[sat] = 1.5V
tOl’l = 1. O}J,S
toff = l.5uS

i hfe min 1
hfe max 6
Thermal

Characteristics

T. = 80ms min
J

0 = 20%¢c/w

J-C

73,

Test Methods and Test Conditions

IC = 1A, IB =
Technique —~ C
VCE = 4; IC =
Technique - C
IC = 3A, IB =
IC = 3A, IB =

Technique - C

Voo = 12V, I

C
Vee = 12V, I
IB2 = —-50mA
Vep = kv, I.
f = 1,0MH=z
Io = 1A, Vg

0.1A
. T,
1A
R
0.3A

0.3A

1.04,

1.04,

1

I

@)
o
>

= 5V, T

C

I

= 25°¢C

B1

Bl

MIL-STD-750 Method 3146.,1

I, = 1A, V

C CE

= 5V

MIL-STD-750A Method 3136

100mA

100mA,
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Silicon Power Transistor
< Type 2N2126 >
SAFE OPERATING AREA

DETERMINATION FOR PREVENTION
OF SECOND BREAKDOWN

—— Manufacturer C —-

Performed for

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
GEORGE C. MARSHALL SPACE FLIGHT CENTER

HUNTSVILLE, ALABAMA

Contract No., NAS8-21155

THE BENDIX CORPORATION
SEMICONDUCTOR DIVISION
HOLMDEL, NEW JERSEY

80.



Item Test Methods and Test Conditions

1.0.0 General Description

1.1.0 Type -~ NPN

1,2.0 Material - Si}icon

2.0.0 Terminal Designation
1 —~ Base

2 ~ Emitter

% ~ Collector

case — Collector
2,2,1 Maximum Stud Torque - 100 in.lbs,
3.0.0 Maximum Ratings
3,1,0 Temperature
o
3.1.1 T glmax) = +175°C  JS-6-T1.1
T . {(min) = -65°C JS=6-T1, 2
stg 7 77T dmmn LD
3.1.2 T, = 175°¢C JS-6-T2
o
. = 100 °C, VCB = 100V, IC = 1.67A
3.1.3 T(Lead) = 230°C Distance from case - 1/4% in.,
Time -~ 10s
3.2,0 Voltage
3.2.1 \Y = 200V J5~5-T3 or MIL-STD-750A Method 3001.1
cpo T <YYo d2z2zi2 (3
ee page 18)
3.2.2 v = 15V JS~6-ThL or MIL-STD-750A Method 3026.1
Epo -~ *°2Y  d2zlPzaz
(See page 19)
3.2.3  Vepy = 180V J5-6-15-2.1
Io(Vep = Vepy) = 304, V.. = 180V,
R, = 6@, L = lmH*, CR - 1N1204,
VBBl = lQV, RBBl = 1Q, VBBZ = 8V,
Rppa = 3%

Duty Cycle = 1%, tp = lms, R = 0.1Q

*Miller No, 7870
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Item Test Methods and Test Conditions

2.3.0 Current
3.3.1  Ig = 30 J5-6-16
o
I, = 6A, T, = 25°C
3.3.2 IB = 10A £§:§:I§
o
T, = 25°C
3.3.3 I = 364 J5-6-T10
O
I, = 6A, T, = 25°C
3.4.,0 Power
3.4.1 P = 167w JS-6-T12
o
TC = 100 °C, VCB = 175V, IC = L.93A
Derating Factor - 2.22W/°C
3.4.2 Pry = Ic Ve = 465w  JS-6-T13
o
T, = 100°C, V.. = 155V, Vo = 8V,
RBB = 3Q, IC = 30A, Pulse Width = 100us
Duty Cycle = 1%, t < 50us,
tf = 50'p,s
3.5.0 Maximum Operating
Conditions
3.5.1 Forward Biased JS-6-T12

Continuous DC-SOAR
Test Point: (See 3.4.1)

3.5.2 Pulsed Forward JS-6-T1h

Biased SOAR -

T, = 100°C, Vg = 8V, Ry, = 3Q
t. § 50us, tf < 50us, IC = 304,
Duty Cycle § l%? RS = 0.1Q

1. For tp = 10ms} VCC = 50V

2. For tp = 1mé: VCC = 90

3. For tp = 500us: VCC = 120V
L, For tp = 100ps: V.. = 155V
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3.6.0

3.6.1

3.6.2

346.3

SOAR

Switching between
Saturation and
Cutoff

Resistive Load

Clamped Inductive
Load

Unclamped Inductive
Load

83.

Test Methods and Test Conditions

JS=6-T5-2,1 with L = 0 and CR

Disconnected
Test Points:
Rppy = 19y Rppy = 3@, Vo, = 14V,
o
VBBZ = 8V, TC = 100°C, tf § 50us

Coll. Current, tr < 50ps Coll.

Current, R, = 0.1Q, I. = 30A,

S C

VCC = 200V

JS-6-T5-2,1

Test Points: (See 3.2.3)

J8=6-T5--2.,1 and CR disconnected

Test Points:

1. Vggy = 14V L = 0,2mH*
Rpp, = 1% R = 0. 4Q
Voo = 8V Vee = 16.5V
Rppg = 3% f = 60Hz
Rg = 0.1Q d = 10%

2. Vppy = 7V L = lmH**
Rgpp = 12 R = 2.1Q
Vgpo = 8V Vee = 10.5V
Rgpo = 30 f = 60Hz
Ry = 0.1Q d = 10%

*Miller No. 7828

**Miller No., 7830 in series with
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ITtem Test Methods and Test Conditions

3.7.0 Shorted Class B [See Figure 6]
SOAR
Test Points:
Cpeak 5.44A, Voo = 92.5V, Rg = 0.1Q
Rpp, = 12, Rgp, = 32, f = 20Hz,
o
TC = 100°C
4,0.0 Electrical T, = 25°C [unless otherwise noted]
Characterisitics
Maximum limits unless
otherwise noted
Technique:
DC - Continuous
Operation
C.T. = Curve Tracer
P - 300ps Pulse,
2% Duty Cycle
4.,1.0 Static
4,o1.1 ICEX = 30mA VCEX = 200V, VBE = -1.5V,
Technique - C.T., T, = 175°¢
4,1.2 ICEO = 100mA VCEO = 175V, Technique - C.T.
o
4,1.3 Igpo = 25mA VEBO = 15V, T, = 175°C
Technique - C.T,
4,1.4 Vego = 185V min J5-6~T5-2.1 and CR disconnected
IC = B5A, RBBl = 3Q, VBBl = 3V,
RBBZ = R, d = 50%, f = 60HZ,
L = 5mH, RL = 0.18, RS = 0.1Q
Adjust VCC for specified IC
4L,1.5 hFE = 10 min VCE = 4v, IC = 20A Techniqgue-C.T.
4,1.6 VCE(sat) = 1.5V I. = 20A, I = 4A, Technique - C.T.
4,1.7 VBE(sat) = 2,5V I, = 20A, Iy = 4A, Technique -~ C,T.
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4,2,0
4,2,1
h,2,2

4.2.3

Dynamic

ton = ZO‘p,S

t

off = 29uS

£

hfe 8KHz min

32KHz max

Thermal

Characteristics

85.

Test Methods and Test Conditions

Vee = 12V, I, = 204, I, = 5A
Voo = 12V, I, = 204, Ig, = 5A
I. = 54, Vo = 12V

(6]
Io = 24, Vo = 10V, T, = 25°C

MIL-STD-750, Method 3146.1

I, = 2A, Vg = 10V

MIL-STD-750A, Method 3136
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SILICON POWER TRANSISTOR
< Type 2N657A >
SAFE OPERATING AREA

DETERMINATION FOR PREVENTION
OF SECOND BREAKDOWN

—= Manufacturer E —-—

Performed for

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
GEORGE C. MARSHALL SPACE FLIGHT CENTER
HUNTSVILLE, ALABAMA

Contract Number NAS8-21155

THE BENDIX CORPORATION
SEMICONDUCTOR DIVISION
HOLMDEL, NEW JERSEY
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Item Test Method and Test Conditions

1.0.0 General Description
1.1.0 Type - NPN

1.2.0 Material -~ Silicon
2.0.0 Mechanical Data
2.1.0 Outline - TO-5

2,2,0 Terminal Designation

1 - Emitter
2 — Base

3 ~ Collector

case — Collector
3.0.0 Maximum Ratings
3,1,0 Temperature
Ll Tongma) = 200°C JS6SHL2 EDEC gublication No. 63
TSTG(min) = 200°C Ver%fication of Maximum 5
Ratings of Power Tran51stor§1
3.1.2 T (max) = 200°¢ JS-6-T2
T, = 100°C, V., = 100V, I. = 28.6mA
3.1.3 T(Lead) = 260°C Distance from case = 1/16 in,
Time = 10s
3,2.0 Voltage T, = 25°¢
3.2.1 VCBO = 100V £§:§:?§ or MIL-STD-750A, method 3001.1
3.2.2 Vepo = 8V JS=6-Tk of MIL-STD-750A, method 3026,1
3.2,3 Vepx = 10OV JS=6-T5
Io(Vep = Vepy) = 0.54, V.. = 100V,
RL = 190Q
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Item

3.2.3

3.3.0
3.3.1

3.3.3

3.4.0

3.4.1

3.5.0

3.5.1

1
VCEX [cont'd]
Current
IC = 500mA
Power
PT = 2,86wW

Maximum Operating
Conditions

Forward Biased
Continuous DC-SOAR

Test Methods and Test Conditionms

L = 10mH; 0,112 (Stancor C-2688),

CR = 1N1204, V

il

10.1V, Rp,. = 33

BB1
VBB2 = 6.5V, RBBZ = lOOQ, tp = lms,
RS = 12, Duty Cycle = < 1%
JS-6-T6
I, = 50mA, T. = 25°C
B " » “¢c T
J5-6-14
O
T, = 25°C
J8-6-T10
I, = 50mA, T. = 25°C
B~ v tc T
J5-6-T13
(o]
Te = 100°C, V.. = 100V, I, = 0.5A
Vg = 6.5V, Ryp = 100Q, Pulse Width 0. 5ms

Duty Cycle < 1%, tr‘s 50ps, t. < 50us

f

JS—-6-T12 [See Figurel]

e ea S M s s e

Test Points: [See 3.1.2]
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Item

3.5.2

3.6.2

3.6.3

Pulsed Forward
Biased SOAR

SOAR
Switching between
Saturation and Cutoff

Resistive Load

Clamped Inductive
Load

Unclamped
Inductive Load

Test Methods and Test Conditions

JS-6-T14 [See Figure 2]

— Y —_ — ¥ ‘
TC = 100°C, IC = 0.5A, RS = 0.1Q !
Vgg = 6.5V, Ryp = 1002, t_ < 50ps,
ty £ 50ps, Duty Cycle < 1%
Test Points:
l. For tp 5 5ms, VCC = 35V
2, For tp < 2ms, VCC = 50V
3. For tp.S lms, VCC = 65V |
4, For tp.ﬁ 0.5ms, VCC = 100V ;

JS—~6-T2.1 with L -

0 and CR disconnecied'
[See Figure 3]

o
TC = 100°C

Test Points:

tr S 50us, tf < 50us, IC = 0,54,
VCC = 100V, RS = 0.1Q, RBBl = 33Q

_ B _ -
RBB2 = 100Q, VBBl = 10.1V, VBB2 = 6.5V

JS=6~T5-2,1

[See Figure 4]

[See 3.2.3]

Test Points:

g§:§:E§:g;} and CR disconnected
[See Figure 5]
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ITtem

3.6.3 Unclamped Inductive
Load [cont'd]

3.7.0 Shorted Class B
SOAR
4,0,0 Electrical

Characteristics

Maximum Limits unless
otherwise noted

Technique:

DC = Continuous
Operation

C.T. - Curve Tracer

P - 300ps Pulse,
2% Duty Cycle

Test Methods and Test Conditions

f = 1Hz, Duty Cycle < 5%, Ry = 0.1Q
Ryp, = 33Q, Rgp, = 100Q, V.. = 10.1V,
Voo = 6.5V

1. L = 50mH; 0.424Q [series 2-Stancor

C-2686], I. = 0.5A, V.. = 9V,
R = 99
2. I, = 0.154, V.. = 8V, R = 34

L = 600mH; 6Q [series 2-~TRIAD

c-47U]

[See Figure 6]

Test Points:

ICpeak = SOmA, VCC = 8OV, RS = 1R
Ry, = 109, Ryy, = 52, £ > 20Hz,
o
TC = 100°C
TC = 25°C [unless otherwise noted]
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;tem Fest Methods and Test Conditions

4,1,0 Static
b,1.1 Iepo = 100nA Vepo = 100V, Technique - C.T.
4.1,2 . Icpo = 10pA Vepo = 30V, Technique - C.T.
o
b,1.3 Icgo = 250pA Vego = 30v, T, = 150 C
Technigque - C,T.
b,1.4 V(Br)cEo = 100V I, = 10mA, Technique - C.T.
4,1.5 Vego = 100V I, = 100pA, Technique - C.T.
b,1.6 Vepo = 8v I = 250pA, Technique - C.T.
b,1.7 hFE = 30 min VCE = 10V, IC = 200mA
90 max Technique = C.T.
4,1,8 hep = 20 min Vep = iov, I, = 0.5A, Technique - P
4,1.9 VCE(sat) = 2V I, = 200mA, I = 4LOmA, Technique ~ C.T !
4.1.10 VeR(sat) = bv I. = 0.5A, Iy = 0.1A, Technique - C.T.
4.,1,11 VBE(sat) = 3.5V IC = 0.5A, IB = 0.1A, Technique -~ C.T.
4,1.,12 hip = 200ohms Ve = i0v, I, = 8mA, Technique - P
4,2.0 Dynamic
h,o2.1 fope = DOKHz(min) Io = 50mA, V.o = 10V
200KHz (max )
5.0.0 Thermal
Characteristics

- o..

5.1.0 ?G(min) = 250ms IC = 0.2A, VCE = 5V, TC = 25°C,
MIL-STD-750 Method 3146.1
. o . o]

5.2.0 O5_¢(max) 35 “¢/W I, = 0.24, V.o = 5V, T, = 25°C,

MIL~STD-750 Method 3136
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SILICON POWER TRANSISTOR
< Type 2N697 >
SAFE OPERATING AREA

DETERMINATION FOR PREVENTION
OF SECOND BREAKDOWN

~— Manufactuers E & G. ——

Performed for
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

GEORGE C. MARSHALL SPACE FLIGHT CENTER
HUNTSVILLE, ALABAMA

Contract Number NAS8-21155

THE BENDIX CORPORATION
SEMICONDUCTOR DIVISION
HOLMDEL, NEW JERSEY
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3.0.0
301.0

3.1.1

3.1.3

3.2.0
3.2.1
3.2.2

3.2.3

General Description

Type - NPN

Material - Silicon

Mechanical Data

Outline -~ TO~5
Terminal Designation
1l -~ Emitter

2 —— Base

3 == Collector

case —- Collector

Maximum Ratings

Temperature
ol
Ts1G (min) = ~0° ©
o)
TSTG(max) 300°¢C
o
TJ = 175°C

T(Lead) = 260°¢C

Voltage

VCBO = 60V
VEBO = 5V
VCEX = 4oV

Test Methods and Test Conditions

JS—6:T}L£ [JEDEC Publication No. 65
_____ "Test Procedures for

J85-6-T1.2 Verification of Maximum
T Ratings of Power Transistors"]
J5-6-T2
o

T, = 100°C, V g = 40V, I_. 0.025A
Distance from case = 1/16 in
Time 10s

o
TC = 25°C

I _ y = 0.54, V.. = kov,

cC




ITtem

3.2.3

3.3.0
3.3.1

3.3.2

3'3‘3

3.4.0
3.4.1

3.4.2

3.5.0

3'501

1
VCEX [cont'd]
Current
I. = 0.5A
IB = 0,1A
IE = 0.55A
Power
PT = 1W
PTM = 20W

Maximum Operating
Conditions

Forward Biased
Continuous DC SQAR

Test Methods and Test Conditions

L = 10mH / 0.11Q@, [Stancor C-2699]

CR = 1N1204, VBBl = 8.5V, RBBl = 30Q

Vggs = 4V, Rgp, = 65Q, Duty Cycle =
< 1%
JS-6-T6
I o
B = 0,054, T, = 25°C
JS-6-T8
[e]
T, = 25°C
JS-6-T10
(6]
I; = 0.054, T, = 25°C
JS5-6-T12
O
T, = 100°C , Vg = 4OV, I, = 0.025A
Derating Factor = 13.3mW/0C
JS-6-T13
T = 100°Cc, V... = 40V, I. = O.5A
c ™ v Yee T y Tt T YR
Vg = 4V, Rpy = 65Q, Pulse Width = 0.lm

Duty Cycle < 1%, t. < 50us,

tf S_SOps

JS—-6-T12 [Sée Figure 1]
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ITtem

3.5.1 Forward Biased

Continuous DC SOAR
[cont'd]

3.5.2 Pulsed Forward
Biased S0OaR

3.6.0 SOAR Switching
between Saturation
and Cutoff

3.6.1 Resistive Load

3.6.2 Clamped Inductive

Load

Test Methods and Test Conditions

o
TC = 100 °C

Test Point: [See 3.4,1]

JS—-6-T1h

[See Figure 2]

Test Point:

T, = 100°C, I, = 0.5A, Ry = 18
Vag = 4V, Ryy = 659, t_ < 50us,
tf < 50ps, Duty Cycle < 1%

1, For tp = 10Oms; VCC = 10V

2. For tp = lms; V.. = 18v

3. For tp = O0.5ms; VCC = 30V
L, For tp = O.1lms; V.. = Lov
J&-6--T5-2.1 with L — O and CR

disconnected [See Figure 3]

Test Point:

VCC = 60V, IC = 0,54, tr < 50us,
Ves = 8-5V, Vgpy = 4V

JS=6-T5~2.1

[See Figure 4]

Test Point: [See 3.2,3]
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Item

3.6.3

3.7.0

Unclamped Inductive
Load

Shorted Class B
SOAR

Electrical
Characteristics

Maximum Limits unless
otherwise noted

Test Methods and Test Conditions

JS-6~-T5-2,1 and CR disconnected
—————————— [See Figure 5]

Test Point:

f = 60Hz, Duty Cycle < 1%
RS = 1Q, tr S 50us, tf S 50us
= = Q
1. Ryp, = 302, Ry, = 652,
Vggy = 85V, Vg, = 4V,
L = 10mH / 0.11Q, (Stancor C-2688)
2. Rgp, = 120Q, Ry, = 1509,
Vagy = 5V Vgge = 2V, I, = O.1A,
Voo = 14V, R = 1250, L = 100mH /

1.175Q, (Series Stancor C-2688 and
TRIAD C-47u)

[See Figure 6]

Test Points:

I peak = 0-054, Ve = 4OV,

RS = lOQ, RBBl = lOQ; RBB2 = 279;
o

f = 20Hz, TC = 100 °C

TC = 25°C [unless otherwise noted]
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4,1.0
b,1.1
b,1.2
b,1.3
b,1.4
4,1.5
4,1,6
4,1.7
4,1,8

b.1.9

4,1.10

4.1.11

b,1.12

Electrical

Test Methods and Test Conditions

Characteristics [Cont'd]

Technique:

DPC -~ Continuous Operation

cC.T, - Curve Tracer

P - 300ps Pulse,
Static

ICBO = lpA

I.go = LOOpA

<
1l

CBO 60V

CER = 4o v

< <
!

EBo = 2V

(BR)CEO ~ 30V hin

o<

FE = 40 min
120 max

hFE = 25 min

\'Z 1.5V

CE (sat)

v = hv

CE(sat)

V - loBV

BE (sat)

VBE (sat) = 2°°V

Dynamic

2% Duty Cycle

Vego = 40V Technique - C.T.

VCBO = 30V Technique - C.T.

Vego = 30V, T = 150°C, Technique-C.T.
IC = 100pA Technique - C.T.

IC = 100uA, RB < 10Q Technique-C.T.,

IE = 100pA Technique - C,T.

IC = 0,05A Technique - C,T,

VCE = 10V, IC = 0.15A

Technique - P

VCE = 10V, IC = 0,5A Technique - P
IC = 0.15A, IB = 0,0154A,

Technique -~ C.T.

IC = 0.5A, IB = 0.1A Technique - P
IC = 0.,15A, IB = 0,015A

Technique -~ C,T.

I. = 0.5A, I

c = 0,1A Technique - P

B
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Item

b.2.1

5.2.0

5.3.0

fT = 50MHz min

160MHz max

CObo = 35pF

Thermal
Characteristics

J(min) 70ms
pa) 25°C /W
J—C (max)
(o]
QJ—A(maX) 250 C/W

Test Methods and Test Conditions

I, = 0.05A, V., = 10V

f = 20MHz

VCB = lOV, f = 1MH=z

I, = 0.4a, Vegp = 5V, MIL-STD-750

Method 3146.1

I. = 0.4A, V. = 5V, T. = 20°C

c CE C
MIL-STD-750 Method 3136
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—-—- TEST REPORT —-
SILICON POWER TRANSISTOR

< 2N2880 >
SAFE OPERATING AREA

DETERMINATION FOR PREVENTION
OF SECOND BREAKDOWN

—= Manufacturer H —-

Performed for

' NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
GEORGE C., MARSHALL SPACE FLIGHT CENTER

HUNTSVILLE, ALABAMA

Contract Number NAS8-21155

THE BENDIX CORPORATTION
SEMICONDUCTOR DIVISION
HOLMDEL, NEW JERSEY
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Item

T S ———

1.0.0

3.0.0
3.1.0

3.1.1

3,2.0

3.2, 1

General Description

Type = NPN

Material = Silicon

Mechanical Data

OQutline = TO0-111
Terminal Designation
l, ——— Emitter

2, ——— Base

3s === Collector

Case — Collector

Maximum Ratings

Temperature

(o]
Tsra(min) = ~05 ©

o
TSTG(maX) = +200°C

o
TJ(maX) 200°C

T (Lead) = +230°C

Voltage

VCBO = 100V

Test Methods and Test Conditions

JS-6-T1.1
JS~6-T1.2

J5-6-T2

o
= 1
TC 160 ¢

Pp = 30W, I, = 5A
Distance from case = 1/16"
Time = 10 sec,

o
TC = 25°¢C
JS-6-T3 or MIL-STD-750A

Method 3001.1

{118, |




0
™
w
<
o
]
b
il

3.3.0
3*3&1

3“34&2

3.4.0
3.4.1

100V

Current

Ic

5A

I, = 0.5A

Power

P, = 30W

Derating Factor=

0.3 w/°

Test Methods and Test Conditions

JS~6~T3 or MIL-~STD-750A

Method 3026.1
JS=6-Th or MIL-STD-750A
Method 3053

I (VCE = V ) = 5A

C CEX

Vee = 100V, R = 19.5Q

L*= 1.0mH, CR = 1N120k4

Ve1 = Vs Rppy = €

VBBZ = 2.5V, RBBZ = 5Q

Pulse width = 1.0ms,
Duty Cycle = 2%

Ry = 0.1Q, t_ < 50us

tf i 50us

%
Miller Ho. 7871 in series Wigﬁ
Miller No. 7825«3

JS5~6--T6

Ig = 0.54, T

JS-6-T8

Erop——

el
c < 25%

el
T, < 25°¢C

ES~64T12 or MIL~-STD-750A
Method 3051

T. < 100°C



Ttem

3.4.2 P

™ ICVCC = 350W

3.5.0 Maximum Operating
Conditions

3.5.1 Forward Biased
Continuous DC SOAR

3.5.2 Pulsed Forward
Biased SOAR

Test Methods and Test Conditions

JS-6-T13 or MIL-STD-750A

Method 3052

70V

[¢]
T, = 100°C, V

VBB = 2.5V, RBB 5Q

Pulse width = O, 5ms

CC

Duty Cycle < 1%

tr 5 50us, tf 5 50us

JS—6-T12 or MIL-STD-750A
Method 3051 [see figure 1]

Test Points:1. [see 3.4.1]

2. Vog ™ 70V, I

(o]
T, = 100°C, Pp = 14w

= 0.24A,

JS=6-T1.4 or MIL-STD-750A

Method 3052
Test Points: [see figure 2]

o
T, < 100°C, Vgp = 2.5V

Rgp = 5@, I, = 5A

tr S 50us, t S 50us

£

Duty Cycle < 1%, Rg = 0.1Q
1. For tp = 5ms; VCC = 20V
2, For tp = 2,5ms; VCC = 35V
3, For tp = lms; VCC = 50V
4, For tp = 0,5ms; VCC = 70V
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;tem Test Methods and Test Conditions

3.6,0 SOAR Switching
between Saturation
and Cutoff
3.6.1 Resistive Load JS=6-T5,1 or MIL-STD-750A
Method 3053 with L = 0 and

CR disconnected [see figure 3]

Test Points:

I, = 5A, Voo = 100V, Roo. = 5Q

Rgpy = 585 Vg = 9V, Vpgp = 2.5V
o

T, = 100°C; Rg = 0.1Q

3,6,2 Clamped Inductive
Load JS~6—T5L£ or MIL~STD-750A

Method 3053 [see figure 4]

Test Points:

I, = 54, Voo = 100V, R, = 19.5Q
L = lmH, Ry, = 59, Rgp, = 59
Vg1 = ?V» Vppa = 2:5V, t, = 1ms,
CR = 1N120%, T. = 25°C, t. < 50us
tf.ﬁ 50us, Duty Cycle = 2%
RS = 0,1Q

3,6.3 Unclamped Inductive

Load £5w6wT5@l or MIL~STD-750A

Method 3053 with CR disconnected

Test Points: [see figure 5]

RBBl

Vg = 9V, V

i
I

59, R 5@, Rg = 0.1Q

BB2
2,5V, £ = 20Hz

BB2
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Item Test Methods and Test Conditions

3.6.3 [Cont'd] T, = 25°¢
1. IC = ba, V.. = 30V, R = 72
L = 125pH - Two Miller 7825-3 in
parallel
2. I, = 0.5A, V.. = 10V, R = 192

L = 10mH - Stancor C-2688

3.7.0 Shorted Class B
SOAR [see figure 6]
Test Points:
IC (peak) = 0,34, VCC = 70V,
RS = 0,1Q, BBBl = 1Q, RBB2 = 39,
£ = 20Hz, T, = 100°C
4,0,0 Electrical
Characteristics
Maximum limits o
unless otherwise TC = 25 C [unless otherwise noted]
noted.
Techniques:
DC = Continuous Operation
C,T. = Curve Tracer
P = 300ps Pulse
2% Duty Cycle
4.1,0 Static
Lho1.1 ICEX = 50upA VCE = 60V, VBE = -0.5V,
T. = 150°C, Techniques - C.T.
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Item Test Methods and Test Conditions

4,1.2 ICEX = 10uA VCE = 1OOV,»VBE = -0.5V
Technique -~ C.T,
= _ _ o
4,1.3 ICBO = 50pA VCB = 60V, TC = 159 C
Technique - C.T.
- _ =
ho1.4 Icgo = 0.1pA Veg = 60V
Technique ~ C.T.
4,1.5 IEBO = 10pA Vep = 8v
Technique ~ C.,T.
4.1.6 Iggg = O-1uA Vop = 5V
Technique - C.T,.
&.1.7 V(BR)CEO = 80V min I, = 10mA
Technique ~ C.T.
4,1.8 V(BR)GEO = 70V min Io = 0.1A
Technigue -~ C,T.
4.1.9 Icgo = 100pA Vepo = 50V
Technigque - C.T.
4b.1.10 hFE = 30 min VCE = 2V, IC = 10mA
120 max Technique - P
b.1.11 hpp = 40 min Vegp = 2V, I, = 1A
120 max Technique - P
) ~ B _ _es0
4,1.12 hpp = 15 min VCE =2V, I, = 1A, T, = 55°C
60 max Technique - P
. _ _ _ o
4,1.13 hFE = 60 min VCE = 2V, IC = 1A, TC = 150°C
200 max Technigue - P
b,1.14 hpp = 15 min Veg = 5V, I, = 5A
N 45 max Technique - P
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Ttem

4,1.15

b,1.16

b,1.17

4,1,.18

b,1.19

4,2,0

b,o2,1

b,2.,2

4,2.3

h,2.4

VCE(sat) = 0,25V max
VCE(sat) 2,0V max
VBE(Sat) = 1.2V max
VBE = 1,2V max
Dynamic

tON = 300ns

tOFF = 2,.0us

hFE = 2 min

= 9 max

Cobo = 150 pF max
Thermal

Characteristics

73.: 5ms min

O
9y ¢ = 3.337¢/w

Test Methods and Test Conditions

IC = lA, IB - OolA

Technique - C,T.

I. =5A, I

C B~ "

Technique - C,T,

I. = 1A, Ip = 0.1A

Technique - C.T,

I. = 5A, Iz = 0.5A

Technique - C,T.

VCE = 2V, IC = 1A

Technique -~ C,T.

Ve = 20V, I, = 1A
Ig, = = Ig, = 100mA
= f = =
Vep = 10V, I. = 1A, f = 10MHz
Veg = 10V, £ = 1MHz

MIL-STD~750, method 3146.1

V.. = 10V, I = 25%

CE C C
MIL-STD-750A, method 3136

= 24, T

Vep = 5V, I. = 2A

| 12k.
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—— TEST REPORT ——
SILICON POWER TRANSISTOR
< S2N4150 >
SAFE OPERATING AREA

DETERMINATION FOR PREVENTION
OF SECOND BREAKDOWN

—-= Manufacturer H —-

Performed for

NATIONAL ABRONAUTICS AND SPACE ADMINISTRATION
GEQRGE C. MARSHALL SPACE FLIGHT CENTER

HUNTSVILLE, ALABAMA

Contract Number NAS8-21155

"THE BENDIX CORPORATION
SEMICONDUCTOR DIVISION
HOLMDEL, NEW JERSEY
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3.0.0
3.1.6

3.1.1

3.1.3

General Description

Type —— NPN

Material —-—- Silicon

Mechanical Data

Outline TO-5

Terminal Designation

] ~—— DBase
2 ——— Emitter
3 —=- Collector

Case~-Collector

Maximum Ratings

Temperature

(6]
TSTG(min) =-55C

T +200°¢C

STG(max)

o
TJ(maX) = +200°C

T (Lead) = 230°C

Voltage

Test Methods and Test Condition

gé:éiziii [JEDEC Suggested standard:

I "Test Procedure for
JST6"11&% Verification of Maximum

No. 65.]
JS—6—T§ or MIL-STD-750A Method 3051
o
T. = 100°C, P, = 5W, I, = 0.14,

VCE = 50V
Distance from Case 1/16"

Time = 3 sec,

132,
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Item Test Methods and Test Conditions

3.2.1 V(BR)CBO = 120V JS~6-T3 or MILmSTDm7SOA

Method 3001.1

3,2,2 V(BR)EBO = 7V JS-6-Thk or MIL-STD-~750A
s Method 3026.1
3.2.3 V(BR)CEX = 70V JS-6-T5.1 or MIL-STD-750A

Method 3053

~

Io < 108, Voo = 70V, Ry, = 10Q,

Rppg = 202. Vpo, = 16V, Voo, = 5.0V
_ * — - ]

R = 72, L*= 1.0mH Ry = 0.1Q

300us

tr < 10us, tbSlOus, tp
Duty cycle < 0.2%
*J,W. Miller: 7871 in series

with 7825-3

3.3.0 Current

3.3.1 I, = 3.0A 35-6-T-6
I = 0.34, T, = 25°C
3.3.2 I, = 104 JS-6-T7
T. = 25°C Ry = 0.19
Vgg = 5V Ry = 20Q
Ig = 1A, t, = 300us d < 0.2%

tr.i i0ps, tf,ﬁ 10us

3.3.3 IB 0.5A JS-6-T8

o
TC = 25°C

133.



Item

3.3.4

3@345
3"306

3.4.0
3.4.1

3.4.2

3.5.0

3.5.1

IBM = 1.0A

IE = 3.3A

IEM =‘llA

Power

PT = 5,0W

PTM = IC VCC = 700W

Maximum Operating
Conditions

Forward Biased
Continuous
DC--SOAR

Test Methods and Test Conditions

JS—-6-Th

2O
T, = 25 C, Ry = 1.0Q,
t§ = 300us, tr_s 10us
t, < 10ps, d < 0.2%
JS-6-T10

o

I = 0.3A, T, = 25°C

[see 3.3.2]

JS—-6-T12

Test Point:[See 3.1.2]

JS-6-T13 or MIL-STD-750A

Method 3052

o
T, = 100%¢, V.. = 70V,

= h! =
Vggy = 26V, Rgo = 109,
IC = 10A, Pulse Width = 100us
Duty Cycle < 0.2% tr‘§ 10us
tf_ﬁ 10us

JS-6~T12 or MIL-STD-750A
Method 3051

Test Points: [See 3.1.2]

134,




ITtem

3.5.2 Pulsed Forward
Biased SOAR

3.6.0 SOAR
Switching between
Saturation and
Cutoff

3,6,1 Resistive Load

3.6.2 Clamped Inductive
Load

Test Methods and Test Conditions

JS~6-T1l4 or MIL-STD-750A
Method 3052

Test Points:

T, = 100°C, Vg, = 5V, Ry, = 20,
t. < 1O0us, te < 10us, Io = 104,
Duty Cycle < 0. 2%, RS = 0:.1Q,

1. tp = 100yus: VCC = 70V

2, tP = 200us: VCC = 50V

3. tp = 300us: VCC = 30V

JS=6-T5..5,1 or MIL-STD-750A

Methed 3053 with L. = 0 and
CR disconnected

Test Points:

Rppy = 10R, Rp., = 20Q, Vpo, = 16V,
Vppo = 5.0V, T, = 100°C, t. < 1Ous,
t < lo0ps, Rg = 0.1Q, R = 120,
Voo = 120, d < 0.2%, t < 300us

JS=6~T5,1 or MIL-STD-750A

Method 3053

Test Point: [see 3.2.3]
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Item Test Methods and Test Conditions

3,6.3 Unclamped
Inductive Load qJS-6mT591-or MIL-STD--750A

Method 3053 and CR disconnected

Test Points:

1. Vgpy = 16V L* = 1.0mH
RBBl = 10Q RL = ., 350
VBBZ = 5,0V VCC = adjust to
IC = 10A
RBBZ = 20Q tp = 300us
Rs = 0.1Q d < 0.2%

*J W.Miller:7871 in series with 7825-3..

= ov * =
2, VBBK 6. 0% L 10mH
RBBl = 10Q RL = ,11Q
VBBB = 5.0V VCC = adjust to
a < 5.2% IC = 0.5A
— N0 + _
RBBZ = 200 ts = 300ns

*Chicago Standard Transformer Corp,

C-2688

3.7.0 Shorted Class B
SOAR [See Figure 6]

Test Points:

Te(peak) = O-438, Voo = 35V
Rg = 0,19, Ryp, = 10@, Ry, = 200
£ = 20Hz, T, .= 100°C
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Item

4,0.0 Electrical
Characteristics
Maximum limits
unless otherwise
noted,

Technique:
MIL~STD-750A *
JS-6
C.T. = Curve Tracer
P = 300us Pulse

2% Duty Cycle

4,1,0 Static

4,1.1 ICBO = 100nA max

h,1.2 I.go = 1O0nA max

4.1.3 ICBO = 10pA max

L,1.4 Iocpy = 100pA max

L,1.5 Icgo = 1OwA max

4,1.6 Iggo = 1OwA max

4,1.7 Vepo = 70V min

4,1,.8 hFE = 40 min 145 max

4,1.9 hFE = 45 min 170 max

k.,1.10 hpp = 50 min 175 max

Test Methods and Test Conditions

TC‘= 25°C [unless otherwise noted]

vCB = 80V, Technique *Method 3036,1D
o

Veg = 80V, T = 150°C

Technique *Method 3036.1 D

Ven

VCE

100V, Technique *Method 3036.1 D

o
60V, Vpp = 0.5V, T, = 150°C

Technique *Method 3041.1A

VCE = 60V, Technique *Method 3041.1 A
Vep = 5V, Technique *Method 3061.1 D
I, = 100ma, Technique C.T. [half wave]
T, = 10mA, Vo, = 5V

Technique C.T,

I. = 100mA, V.o = 5V

Technique P

I. = 1.04, Vo, = 5V

Technique P
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Ite@

b,1.11

h,o1.12

L,1.13

b,1.14

4,1.15

4.1.16

b,1,17

bh,1.18

4.1.19

4,1.20

b,1,21

b,1.22

FE

FE

FE

FE

FE

FE

FE

FE

Ver(s)

VeE(S)

VBE(S)

VBE(S)

ko

10

75

70

30

30

min 120 max

min

min 350 max

min 320 max

min 150 max

min 90 max

30min 100 max

20

min 75 max

0,55V max

2,0V max

1.4V max

2.0V max

Test Methods and Test Conditions

IC - 5»0A9 VCE = SV

Technique P

I, = 104, V. = 5V

Technique P

o
IC = 100mA, VCE = 5V, T. = 150°C

Technique P

Q.
Ic = 1.0A, Voo = 5V, T, = 150°¢C

Technique P

0
IC = 5.04, VCE = 5V, TC = 150°C
Technique P
g

IC = 100mA, VCE = 5V, TC = 587¢C
Technique P

; - R
IC = lAOAf, WCE ._ 5V¢) TC = ~557(
Technigue P
IC = SwUA$ CE )/) TC - 3y
Technigue P
I. = 5.04A, 18 0L 5A

C

Technique * P

I, = 104, I, = 1.0A

Technique* P

I, = 5.0A, Iy = 0.5A

Technique* P

= 10A, I, = 1.04

i
£

C

Technique* P
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Item Test Methods and Test Conditions

4,2,0 Dynamic

4.2.1 hpp = 1.5 min 8.0 max I, = 200mA, V.. = 10V, f = 10MHz
k.2.2 c_, = 350 pF max Veg = 10V, I, = 0 f = 1MHz
.4.2.3 tON = 0,5us max circuit specified with registered
spec. S2N4150
Lh,2.4 tOFF = 2.5ps max Circuit specified with registered

spec. S2N4150

5.0,0 Thermal Characteristics

5.1.,1 ’TJ = 20 ms min
o

5.,1.2 QJC = 20 "C/W max
o

5.1.3 QJA = 175°C/W max

*Test clips 1/4" from case
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—— TEST REPORT ~=

SILICON POWER TRANSISTOR
< 2N5559 >

EXAMPLE DEVICE SPECIFICATIONS

—— Manufacturer Bendix —-—

Performed for

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
GEORGE C, MARSHALL SPACE FLIGHT CENTER

HUNTSVILLE, ALABAMA

Contract Number NAS8-.21155

The format used in the presentation of this data
was recently developed for the registration of
transistor specifications.

THE BENDIX CORPORATION
SEMICONDUCTOR DIVISION

'HOLMDEL, NEW JERSEY
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.JOINT ELECTRON DEVICE ENGINEERING COUNCIL REGISTRATION DATA - JS-6 'RDF1

1 | _ —
j Iten Registered Data Test Methods & Test Conditions Remazks ,
1,00 - GENERAL DESCRIPTION Triode Transistor, Powex
: ‘ Switching
1,1.0 Type NPN, PNP,. etc,
- 1.2.0 Material Ge., Si., ete.
2.0.0 MECHANICAL DATA Note 1
2.1,0 | outline [_T0-3 | Note 2.
2.2.0 Terminal Designation | Indicate a1l un~
: connected terminals
1 as "NC",
2 [(Eaiceer ]
34
case ' Indicate "I" if
f all leads imsulated
from case,
3.0,0 | VAXTMUM RATINGS Note 3
3:1.0 Temperature
3,3.1 | Tetg (max) |_200°C || J8-6-T1. 2 Test Methods JS-6-T
o = see "Test Procedures
viE SebT1, for Verification of Max-
Tatg cm‘“) [::EE:EE:] J8-6-T1.1 imum Ratings of Power
' ' Transistors®., JEDEC
_ . Publication No. 65
3.1.2. 35612 |
'l?c Tc- 757 to 0L T 3 Max
Ves[= 20 v | % 2.5 al
3.1,3 | T (Lead) | 235 °C . Item 3.1.3 is not
' Distance from case | 1/32 inJ required on transistors
: . o whose storage temperas
Time ture is sufficiently
: o high so that the iecad

17658¢ ba=10

147,

temperature test
beecomes rodundant,




[ v]

VBB (o£f)

| Pulge .‘ Duty A
Widthg:E Cyele E___.—_—_Z]

148,

-Item E Registered Data . Test Mcthods & Test Conditions Remarks
} .
3.2,0 Voltage ;‘c- 25°C
3:2.3 (Ve | £77T130 V|| 95-6-501 ‘Inductive Method
,Ic; (VCE- VCEX). 10 . A RBBZ may be infinite
Vcc'r 120 vy | RL[ 10 ] | Vgpa may be zero
L I 1 myg l CR I, 1N1204 l Equivalent registered
type number of CR, if
: used, must be given,
Vs1[_6.2 v] Rem[ 3 o]
Vesa[ 0 v] Rgge[ 5 q]
Pulsep~" Duty -
wiaehl_ L 2] eyete L2 %]
or , or
J8«6-T5,2 Pulsed Method
o e o o an o q ——
] Ryp (] [Fgp mev be sexo




Registered Data

Tes% Methods & Test Conditions

Remarks

3:3.0

3.3.1

3@302

363.3

3@3@&

3,303

Current
Ic -
P o am W O o ey
Tow  Lo.Bo 4
B
Lo R Y I
r--uu-p—a'

JS=6-T6

I, 2 AlTls  cci

J§=6-T7

P ®
Tb 25°C . R

9] B[S 3l

b}

vhn[ 0

Input Pulse Charscteristics

Pulee Amplitude

Pulse Width

—
: w@g&m:ZEJ
| SU——

Duty Cycle

§
JS«6=T9

‘TG = 257G

Input Pulse @ﬁ&r&cteristiC$

Pulse Width - [__1000 ms]

Duty Cyele

g, 5 0] ¢ [ 5 b8
JE8=b=T10
Iy [T A T [ 25 ¢

149,

h)

Continuous collector
current

Peak c@llect@r current

§
Continuous base &urx@ﬁg,

Peak base current

Continuous Emitter
current

[

e s




{ Item Registered Data Test Methods & Tést' Conditions Remarks

3.3.6 |1 pe==cs2q 1l I5e6=T11

| Tc- 25°C .B.s Peak Emitter Current
Ve vl B[ gl

Input .Ijg_l_';a_:g_ Characteristics

Pulse Width
Duty Cycle :-_____ﬂ
15 ¢ B el
3.4.0 Poxir‘er

39401 ‘ PT l 100 w l JS-G-le

To | 100 e¢] Tc-? 55°C ‘(for device

vith T) (s S 125%C)

Derating T = 100°C (for devices
Factor ugt:h TJ s S 125°¢)
13402 P v o300 T3 | 9s-6-T13 Py = Io Voo
T,= 25°C
Vee L% v]

Input Pulse Characteristics

Pulse Width [[0.25 ug]
Duty Cycle

¢ 5 %
' 150.

196E2. A1 h




Item Registered Data - Test Methods‘& Test Conditions Remarks
3.5.0 .Maximum Operating Refer to Appendix A
Conditions ’
3.5.1 DC - Attach drawe. Tc 100 9¢c | Fig. 1 Te = Tc (3.4.1)
ing of operating 1. Ig = 0.54; Vcg = 80V The circuit of JS=6~-Tl4
area Vpogp vs Ig 2, Ic = 2A; Vgg = 50V is recommended.
3.5.2 | T Pulsed (Forward | | Js-6-Tl4, Pulse width shall be
| Bias Drive) ! ‘ 1,2,3, or 5 x 10%
| Attach drawing of : Tc = 25°C; Fig. 2 sec.
! operating area. . S
| VCE vs Ig for ome , ves[ "0 VR T"""'TTT
1 or more pulse i BB 0 BE 2
! widths ) : ' ‘
e e e o - = — ' JInput Pulse Characteristics Pulse Width [V
[;a] of | o
Pulse Width ms 1. 1 ms @| 60 l10
' 2. 0.5ms @] 80 |10
Duty Cycle I 2 % l 3. 0.25 ms @] 90 |10
cx
3.6.0 Maximum Operating | For example refer to
Conditions for Appendix B
Switching between specify 3.6.1 or 3.6.2
Saturation end or 3.6.3
Cutoff
3.6,1 || Resistive Load- ! || J5-6-T5.1 with L = 0 and CR

o

i
]

wsm SR Ee  eEme G ER aBh  GD P

OR -

'w-i(r:—le Lm oA

- disconnected '
25 °C . Figo 3

Tc =

. Input Pulse Characteristics

Pulse Width

Duty Cycle . 2 %
ReB1| 3 0]
Rgp2[ 5 0|
Ves1[ 6.2 V]

Ves2[ 0V

151,

Supply graph of Safe
Operating Area on the
Io = Vop plane. Safe
Operating Area graph
muet include:

Ve (3.2.3)

IC (30301)

If one test condition
cannot satisfy Veop
(3.2.3) and I¢

(3.3.1) specify condi-
tions for each test.




‘Registered Data

1 Load
}

!
|

o e o GWD GRD  CRD LGN GO (08 O @

J8§=6-T5, 1 énd OR Disconnected

Tg

Input Pulse Charscteristics

Pulse Wideh |70 mg
Duty Cycle ] 30 ":7;;'[

CRENT)

Qof Lz 1500 @ £ = 1 Mz |

freson of Ll z 8 ani
g (20 4]

Vee 22 ¥
152.

wenLgey o P %

"ltem Test Methods & Test Conditions Remarks
: o mmm =<5
3.6.2 ' Clamped Inductive ! J§=6=T5.1 Supply graph of Safe
| Load : Operating Area on the
Lm e Gme am @ efn W 0 W 6o Xc“vcg plﬁhﬁs s&fe
: o : Operating Area graph
Input Pulse Charascteristics must include:
Vep (3.2.3)
Pulse Width T‘C (3.3.1)
Duty Cycl
uty Lyele If one test condition
¢ . 1e cannot satisfy Vpop
r £ (3.2.3) and Ip (3.3.1)
specify conditions for
OR RB1 m each test.
_Rpp2
Vas1
o -
L |
TEPE
CR1IN1204 The/Type Humber of the
characteristics must be specis
fied,
|
3:6.3 :Unclamped Inductive:

For L = 6.4 mH; Ig=104

Ic & Ic (‘Qﬁlo?}



Item Registered Dhtﬂ Test Methods & Test Conditions Remarks

4$.0.0 Electrical ‘
Characteristics Te = 25% {unless otherwise Maximum limits unless
noted) otherwise noted.
4.1.0 Statie Note &

4,11 Iezy [ 2 wmAl | 1o [I30 oc Veg | DU_V] | T & 1/2 Ty (3.1.2)

Vgg (fwd., rev.) | 0 v]
Technique [:::E:E::::]

4.1.2 Iegy| © 0.5 mAifl veg[ 150 Vv ] Vop ® 0.9 Vepg (3.2.1) |
: Speclfy 4.1.2 oy 4.1.3 ’
and (énlaé
VBE (fwd., rev.) [::::§::::§j
Technique | QiEQ%QZE
or or
f.1.3 Xepo| T wAj| vea V| Vep = Vepo  (3:2.1)
and and
(== |
Aa 1-‘9 VEBF "__‘. - _!_. VCB VGB L] VCBQ (3&20 l) d
L Technique | [

176:;;: T8-10 153,



- Ftem Registered Data Test Methods & Test Conditions Remarks
4.1.5 IEBO v A VEB VEB“ VEBO (30292)
Technique
bol.6 V@RQCEO 100 Min V IC I 0.2 Hote 5 »
Technique
&519? hFE - | ' in b VCE[ 2 VCE ﬁ 2 OOV or
2%V o (4.1.8)
— CE(sat) :
Technique whichever is greater |
f61.8 :_[C A I@ = IC {(4.1.7)
Measured.0.064 inches
Tech_niq'ue from case.
&@189 IG“l 4 Ai ng QQQ, ég Ic L Ia {&sl@??
Measured 0.064 inches
gechnique. from case.s
4,240
. ] w B ’ @ ¢
"’%w%wi § VCGE{ g 1@ g Ié S}?e&‘:&lfy 5&@251& @@2@»2
3 &nﬁ &@2@3 @‘Xf é@s?@&'
i» i and 4,2.5
: ) e :
: ; Im ‘EG IQ (4.1.7)
| I Switching civcuit shall
: ; be attached,
; § 131 L XB (4.1.8)
. ;
é’&gsz t@ i L ~ 4 ’IQ = xc {&wls?}
i §
\ ' I .= I (4,1.8
i b gy ™ T (4.1.8)
; ! _ , :
2.3 e | ([ wg | | Ve[ T[] | Lg= T (41D
b wo @ oo as " - d - . '
Tl Tl ) [ Tum T Gen®
or .
E . 154, ‘
: 17653¢ 84 10



Item Registered Data Test Methods & Test Conditions Remarks
: 1
- I, =1 4,1.7
4’@2@4 ton ! , J ' C C Q }
: ! :
3
: an.d i IBl = iB {%’@1@8}
; §
N |
G250 Coge | | o™t Ge1D
IBI = IB (4.1.8)
: i Y-y Specify 4.2.6 or
%,2,+6 fhfe L....,.-..‘..z.,: | IC P Y
: 4.2,7
or _
bodo7 lhfei rs:szmzn:“;: vczl 4 v lzc I 14 Zp;céfy G246 o
: £ Note 6
. AbDITIONAL DATA
3.6.4 Shorted Class B Fig. 7 Icpeak, = LA
Safe Operating Area Rg = 0.10; Vee = 80V
Input Characteristics
Rpgl = 19; Rgpy = 30
£ = 20 Hz; - Tp = 100%
3.6.5 Pyp = 120w J§=6=T12; Vog = 60V; Ip = 24 Single Pulse
tp = ls; Tp = 259¢°
3.6.6 Py = 1200 J8=6-T12; Vog = 8V; Ip = L3A Single Pulsge
tp = ls; Ty =259
4.1.10 Icgo = 100 pA max Veg = 80V, Technique C.T.
4.1.11 | Vegg = 125V min. Ic = 10 mA; Rgg = 5K @
) Technique C.T.
4.1.12 | Vg = 77 min. Ig = 10 mA; Rpp = 5K. @
Technique C.T.
4.1.13 | hpp = 40 min. “Ig = 0.14; Vg = 2V;
Technique C.T. _
4.1.14 VCE(satj = 1.2V max. {Ic = 10A; Ip = lA; Technique GQI.\
. . Measured 0.064 inches
4.1.15 VBE(sat) = 2.0V max. Ic = 10A; Ig = 1lA; Technique C.T. [ from case '
d%w»l,a 16 VBE“ 1.4V maxe

1765

3: 8a-10

Ic = 4A; Vgg = 2V; Technique C.T.

155.
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. Item Registered Data Test Methods & Test Conditions Remarks

4,1.17 | Vgg = 0.55 V min. Ic = 0.1A; Vgg = 2V Measured 0.064% from
Vgg = 0.65 V max. Technique C.T. . case
4.1.18 | hpp = 40 min. Ic = 0.54; Vgg = 2V;
Technique C.T.
»Llwale 19 hFE = 15 min. ‘ IC = ‘}A, VCE = 2V; Technique C.T
Te = =55°C
4.1.20 | Copo = 400 pF max. Vop = 10V; £ = 1 MHz
4,3.0 | 050 = 1°C/W max. Ig = lA; Vg = 20V
4.3,1 | 03, = 25°C/W max. Ic = 14; Vgg = 2V
4.3.2 ﬁc& = 15 msg Ic = 1A; Vgg = 20V Time to reach 63% of

equilibrium temperature
for Pr step inmput.
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‘SOAR FOR SWITCHING BETWEEN SATURATION AND

CUTOFF- UNCLAMPED INDUCTIVE LOAD

Common

Vee

Vert.Def.

its

Test Circu

N T mmu | e

-

e 0 S It

5

Figure
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—~— TEST REPORT —-—
SILICON POWER TRANSISTOR

< 2N5560 >

SAFE OPERATING AREA
DETERMINATION FRO PREVENTION
OF SECOND BREAKDOWN

——~ Manufacturer Bendix —-

Performed for

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
GEORGE C. MARSHALL SPACE FLIGHT CENTER

HUNTSVILLE, ALABAMA

Contract Number NAS8-21155

The format used in the presentation of this data
was recently developed for the registration of
transistor specifications.,

THE BENDIX CORPORATION
SEMICONDUCTOR DIVISION
HOLMDEL, NEW JERSEY
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JOINT ELECTRON DEVICE ENGINEERING COUNCIL REGISTRATION DATA - J §-6-RDF-1

.....

i

R
-

Iten - AR'cgistered Dafa Test Methods & Test Conditioms ~ Remarks
N Triode Transistor Power
1.0.0 GENERAL DESCRIPTION Switching
1.1.0 | Type {wey ] NPN, PNP,. etc.
1,2.0 Material Ge,, Si., etc.
2,0.0 | MECHANICAL DATA Note 1 |
2,1.0 Outline | TO0-63 Note 2.
2,2,0 Terminal Designation Indicate all un- -
connected terminals
s as e
z
3
case Indicate "I" if
! all leads insulated
from case,
3.0.0 MAXIMUM RATINGS Note 3
3.1.0 Tempexature
3.1.1 Tstg (max) L 200 ¢ JS$=6~Tl. 2 Test Methods JS-6-T
v See "Test Procedures fof
Verification of Maximum
Tstg (min) l -65 °;” ] J8-6-T1.1 Ratings of Power Tran-
sistors"
JEDEC Publication No.65
3¢102 TJ(mx) l 200; gc I JS"6"T2
TC 150°¢ | Pp = 75W TC== 757% to 907, '.T.‘J Max
Vep[Z 4 v] T 15 ]
3.1.3 T (Lead) |__230° °c . Item 3.1.3 is not
Distance from case 1/16 47} | required on transistors
whose storage tc:.‘.?e*:a-; :
Time ture is sufficieunly | |
N high so that the lead |
temperature test {
beceomes redundant. }
17658: La-10 o]
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Ttem - ‘Registered Dzta -1 Test Mcthods & Test Conditions Remarks

'13,2,0 Voltage TC= 25°C

«3@2@1 VCBO I 175 V ! JS"6"T3

3«9202 VEBO i 8 V ! 33"6"T4

3.2.3 Vorx f“i;@"‘};} J5=8~T5.1 ‘Inductive Method
| o, )
; I, <VC?m Vreerd T30 a4l | Rgpp DAY be infinite

-
forv

Vee [ 120 v |

tu;d

- 3.8 0| |Vgyo BV be zero

£
L [ 1 wH| cr[ 1NI202 Equivalen: registered
type number of CR, i£
used, must be given,

VBBli 15.2 x?' RBEI[:::§::§]
32|

Pulse —— Duty et
Width{:zz:::ggz.67cle |2 7]

- <

OF . BT

J8=6~T5,2 Pulsed Method

1R GER R M ww ay . .
° ‘ 1 E 7 mummaeren TS e B O .
] V.,,} c ] A &\BB E - 3 g \53 may D zZero

Vas(ofs) | v |

Pulge === Duty |

. rs§ P P
Wideh! s GyCLIC 2

GO S Wi B AR BB
1

166. 4
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dtem Registered Data Test Methods & Test Conditiomns Remarks

r—————— e ;——-;'-'-"-Eg'—"’:—"] Continuous collectox
11 T s ci

B!
w
-
[*9]

C i=2 current
My I R 5S~56~T7 ]
303 o Lw.u—m—éﬁ: * ’ J
TC = 25°C RS' - Peak collector curren

- . v ge . - P e
Input Pulse oharactexristics

Pulse Amplitude § vl

Pulise Wicih i 1g |

3.3.3 I 10 JS=6=T8
B TET—EE"'tgq - Continuous base currand

D GE G @ oo ey

3 3 aaé’ I ! H JS’“ﬁ;Tg
3

BYM b oo o w0 om 2 o
TC = 25°C Peak base currant
Input Pulise Characteristics
(—_—_«N,_——_.‘l
Pulse Widech ms
L Duty Cycle { %
LI S PR S ps ‘
s . :
3') 5 I pr e om oo e ey 78*6'—"'“‘ C s o S i
D 7 . 33 Al J 710 ontinuous Emitter :
e current :
e g
B ‘ . 3 ;’_; ‘C 25 QC ¢




Luen Xegistered Data Test Methodc & Test Conditions Remarks
. Reg _

' -l
3.3.6 I R B (Y S
3 EM ¥ )
L= 25°C R, | 6 Peak Tmitter Current
o ¢ >
Pr—— ety
VBB ‘, Vi Bap i 0|
Tonul Pulsge Choracterisrtics
LR ”m—‘ﬂ
Pulse Width i 23
e 4 N WU )
Duty Cycle L 4
:" i< o CoE, }< H
- |5 SR I Y :
3,4.0 Powexr
‘ ’ | e - -
49401 P 150 io) ! JS-‘O*'T.‘.,:'

TC 100 <ot TC= 55°C (fox device
| R
with 7. < 125°C
(max) —
2 o At g
il’. ! w 3 o gy . 30 :,
&,B ‘..._.,.._f_.....‘__.. M.,,wmﬁc.é

-Derating m TC: 100°C (for devices
Factor 2 < e

HLQ.?. P 73800 T TR | IS-6-T13 P = IV

[ NP | £8 C CC

3
=

c
VCCI 120 v
Voo | 6 i 20 o |

DPulse Width . 0.125 ms

Suty Cycle 0.4 4

168,




Test Methods & Test Conditcions

sltem Registered Data Remarks
3.5.0 Maximum Operating Refer to Appendix A
Conditions :
3.5.1 DC - Attach draw- Te | 100 _°c] Fig. 1 Te ™ TC (3.4.1)
ing of operating 1. Ic = 130 mA; Vg = 120V The circuit of JS§=6-TLi
area Vep vs IC 2. Ig = 450 mwA; VGg = 60V is recommended.
3.5.2 | T pulsed (Forward i | J$-6-Tl4; Fig. 2 >ulse width shall be
! Bias Drive) ] ' 1,2,3, or 5 x 10%
: Attach drawing of ! Te = 259¢C sec,
| operating &arca. :
1 VCE vs Ig for ome , Ve 3 VR 50 0
| or more pulse i BB/ . | Rez | |
| widths {
e o e e e o - { Input Pulse Characteristics Pulse Width |Voe | I
Pulse Width ms [md A [
' . 1. 5 @ | 30 |30
Duty C‘jClQ l 0.4 % 2, 1 @ 50 |30
_ 3. 0.5 @ {75130
Cr |5 5 s S 5 B8] |4, 0.125 @ [120 |30
3.6.0 Maximum Opercting For example refer fo
Conditions for Appendix B
Switching batween Specify 3.6.1 or 3.6.2
Saturation and or 3.6.3
Cutoff :
3.6,1 ! Resistive losd | JS=6-T5.1 with L = 0 and CR Supply graph of Safe
Y e s o m.J - disconnccted ;3 Fig. 3 Operating Area on the
o gi———“gg““g:j Io = Veg plane. seifc
*C = Oparating Area graph
must include:
Input Pulse Charccterictics Vep (3.2.3) = 120V
’ - I 3.3.1) = 304
Pulse Width 1 wms ¢ ( )
Duty Cycle 2 7 "If ome test condition
cennot satisfy Vep
¢ ETE ] . = (3.2.3) and Ig
ro|2 5 ke 5{4 > ¢ (3.3.1) specify condi~
OR - Regzy | 3@ tions for each test.
Rzp2 20 9
Vez | 12.2 V |
Vase[ 8 ¥
o P 169.




Tegt Methods & Test Conditions

Remarks

39693

Registered Dats

mm e e
¢ Clamped Inductive !
 Load :

v
e e wm G o o e SR BN NS e G0 uS

OR

! Unclamped Inductive:

1 Load ; i
| ) ! }

Gm vm  wme  gow gep QD O G Gme (@ 60 aw

" Ynout Pulse Chorocteristics

e =25 %l

JS=6=15.1; Fig. &

Tg = 25 oC

Pulse Width _ ms

Duty Cycle . 2 YA
Ce |3 S ltg s 5 u3s

JEDEC
CRIN1202 <o/ Type mber of tha
characterisincs must be apeei-
fied '
i o biin Nl @

JS=6=-T5.1 cud SR Dilscconnectad

tx [s 5 wmol ©f 5 5 %3[

Pulce Width
Dugy Cycla |

Rppy 3 &

Ropa |20 &

rrar
Vppy [ 12:2 V|
:

Q of L] = 1500 |
fRESO:’Q’ of L lE;.29.5 . Mﬁ;i ;
i 1.4 &

V.CC 36 V

170. .

Suppiy graph of Safe
Operating Area on the
Ic-Veg plane. safe
Operating Area graph
must include:

VCE _(3»2«3) = 120V

I (3.3.1) = 304

I1f one test condition
caanot gatisfy Vg
(3.2.2) end Ip (3.3.1)
specify condizions for
each teat.

For L = 0.1 mH; Ip=30A

Ic s Ic (4.1.7)




Teat Metnods & Test Conditions

Icem Reglstersed Dpata Remarks
4.0.0 Electrical ‘ _
Characteristics Te = 25°C  {unless otherwise Mexiounm limits unless
noted) otherwise noted.
4.1.0 Static Note &
4.1.1 Icky [ 0.100 =A] Te [125 ¢o¢] Vez | 100 V]| Tg & 1/2 Ty (3-1.2)
Vg (&wd., vev.) | 0o__v]
Technique [::E:E::::]
{
4,12 Iegyl L 1.0 @ mhi il vez[T175 v | Veg ® 0.9 Vepg (3.2.1)
Specify 4.1.2 or 4.1.3
. and 4.1.4
% VBE (fwd., rov.) [ o v
Technique [cr ]
o or
|
boded Iso| [T TR Vel ¥ Veg = Vego  (3-2.1)
and and
(@o lozb VEBF L-—’“ _ wzml Vcal ) V l VCB &2 VCBO (392@ 1)
Technique ! |

17A5R ¢« 7210

I71.




» Item Registered Data ‘Test Methods & Test Conditions Remarks
4.1.5 Ioso | 0.010mA] | Vig- I 78 v Vip = Vppo  (3:2.2) |
Technigue C.T
4,1,6 V(BR)CEO 120 Min V IC [ 25 mal iz {0 wil Note 3
Technique
i
! >
4,1.7 hFE E 30 Mi‘:‘.! VCE{ 2 Vi ".:C i 15 Al VCE < 2.0V or
] o o : .
— Go o VCE(Sat) (4.1 .8)
20 ¥axi | Techunique C.T. vhichever 1s greater
4$.1,8 VCE(S&K‘,) i Oasia.,, Vl IC x 15 _»’i I}Zi 1.5 ;‘j IC = IC (4.1.7)
Measured 5/16" from
Technique L c.r. | case.
4129 | Vi ey B AL I8 TmI Gl
Technique C.T. §
%4,2.0 Dynamiec g
[ e e e am s o . i
4.2,1 | e | MRS x, ! | ! specify 4.2,1, 4.2.2
oy " ¥ . ond 4.2,3 or 4.2.4
: ) ¢ and 4,2,5
. i 7 | B LT
; 3§ *31 % mj ...C J-C ("fela?)
. i Switching eircuit shall
{ : be attached.
i 3 -A-Bl &= IB (&ofuwS)
| , i
! L_:_.: % + v o w
492@2 tS i u : vcci ; &-a i l -i-C IC <LQ-LQ7>
! o
! -4 . .
: TRy | L35; J L= kL8
$ §
o i ! - - -
4,2.3 te ‘! By, Veel } I ] ] I, = I, 4.1.7)
bo ws oo o9 om @ eod
' Tl {250l Foy Ty m iy (19
ot : ‘
s 17553¢ €2 10



» . h] B I el L - h I3 4
Iten Registered Data Test Methods & Test Conditions | Remarks

» O A e e e “"‘; ~ .
ERA A R e eIy LD
. 1
0 : T """""""—"—1. . : = 1
: am‘i H “Bl j’n"/l.S A g Flg. 5 7 IBl IB (4”‘L'8)
] 4 )
e ! ’ ~ i ‘

4.2,5 oes : 2.0 us|, VCC 3LV % 15 A ’ IC = IC (4.1.7)

_______ F] ’ B

Zzliw 1.5 A ;3‘:32 /X/l A A IBl z IB (40198) }
$.2,6 £ -, mEm _:1'5::7:5 I - A ;Vn., v | SPECify 4.2,6 ox
ffef Loo-20 40 7C aifenl W]} PPoe
or
4 e el 1 7 : ' s -
442,7 Pfe% C._S...min_ :; VeI 10 viia 7 1 = Sp;c;fy 4.2,6 orx
' 20 max o 4.2,
| 5 :m_ug | Note 6

17658: Ea~10 173.




Item

Registered Data Test Methods & Test Conditions Remarks
ADDITIONAL DATA
3.6.4 Shorted Class B Fig. 7 Rg = 0.10
Safe Operating Area
P & 1. Ig = 1.1A; Vgg = 60V
2. Ig =390 mA; Vg = 120V
Input Characteristics
RBB]_ = 19; RBBZ = 30
£ =20 Hz; T¢ = 100%C
3.6.5 PT = 40y J§-6-T12; Vog = 60; Ig = 0.66A
tp = 1s; Tp = 25%
4’& 1.w 10 ICEO = 25 “A maXQ VCE = SOV TeChnique CeTa
4.1.11 Veps = 125V min. Ic = 10 ma; Rpe = 500Q
Technique C.T.
4,1.12 Vgpgg = 8V min I = 200 mA; Ry = 500Q
Technique C.T.
4.1.13 hFE = 40 min IC = 0, lA; VCE = 2V
Technique C.T.
4.1.14 hpp = 40 min Ic = 5A; Veg = 1.5V
hpp = 100 max
G.1.15 hpg = 10 min Ic = 154; Veg = 2V After exposure level of
ﬁf = 1 = 10]‘@ nvt
(Total integrated
neutron flux with
energy levels greater
than 10 KeV)
4.1.16 VCE(sat) = 1,5V max Ic = 304; Iz = 34; Techniqge Coi.; Measured 5/16" from
4,1.17 VBE(sat) = 2.0V max I¢c = 30A; Iz = 3A; Technique c.T.|d €8s€-
4.,1.18 Cobo = 600 pF max. Vep = 10V; £ = 1 MHz
4.3.0 0yc = 0.67°C/W max. |Ig = 1A; Vgg = 20V
4.3.1 84 = 30%/w Ic = 14; Vg = 2V
4$.3.2 ’ta = 25 ms min. Ic = 1A; Veg = 20V Time to reach 63% of
. equilibrium temperature
for Pp step input.
174,




FORWARD BIASED CONTINUOUS SOAR

T. < 100°C

itions:

.

e
g
o]
O

Tiz2

JS—6-

Test Circuit

tigure 1
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QSOAR FOR SWITCHING BETWEEN SATURATION AND
CUTOFFdUNCLAMPED INDUCTIVE LOAD

10
9 RL
8 Hor.Def.
7 g
. —r
5:;;15 R R -} Common
4 L BBl - BB2 :
8 -
= v ~ v - . vert.DEf.
=5 - ’ BBl BB2
: T T
| . “
S
v ~Test Circuit: .JS5-6-T5-2.1
o
8
7
6 —+ ;
& = 2 KAk ok -
[RS8 vk B St meet £
. ses §, I.J :§
309 e
I i . 4
& s e A
A l Attt
PR T
L ;.1 N e o
,}LGO EI; I ;‘
9 T By M g o
2 i —+f
. i 1 i i
Os =
"
3
2 . L <
; thglEseas
L0 e e
il ;
O3 4 0 2 3 4 8 } 7 8 910 2 3 4 e f
0.01 6.1 %0 5.0 @ °
LimH]
" Figure 5
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SHORTED CLASS B SOAR
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APPENDIX I

ADDENDUM

The reports in Sections 7 and 11 contain the results obtained

from

two groups of the same type of transistor from two dif-

ferent manufacturers,

This

type of testing yielded a better device variation which

indicates that wide differences do exist between manufacturen@

and approved products,

From
SOAR
pand

with

the data obtained from both groups of devices a single
specification was generated. The combined results ex-

the JEDEC registration and supplements the specification

complete SOAR curves and test conditions.

Although the test limits encompass both manufacturers devices,

some manufacturers may have to re—evaluate their devices at

the specified SOAR points,
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